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REPORT 



OF THE 



Director of the Experiment Station. 



To the President of the Board of Regents: 

I have the honor to transmit herewith the fifteenth 
annual report of the Agricultural Experiment Station of 
the University of Minnesota, covering the work clone at 
the Station at St. Anthony Park; and the two sub-stations 
established by an act of the legislature in 1895, the one at 
Crookston and the other at Grand Rapids, Minnesota. 

The report includes Bulletins 97 to 101, inclusive, pub- 
lished during the fiscal year, and a full account of the ex- 
penditure of the annual appropriation from the United 
States Government, as well as that received from the cur- 
rent expense fund of the L'niversity. 



VI. 

The Minnesota Agricultural Experiment Station in Account with 
the United States Appropriation, 1906-1907. 

Dr. 
To receipts from the treasurer of the United States 

as per appropriation for fiscal year ending 

June 30, 1907, as per Act of Congress approved 

March 2, 1887 $15,000.00 

Cr. 
By Salaries $8020.70 

Labor , 

Publications 633.49 

Postage and stationery 384.70 

Freight and express 

Heat, light, water, and power 1496.37 

Chemical supplies 56.86 

Seeds,. plants, and sundry supplies 558.88 

Fertilizers 36.00 

Feeding stuffs 1779.35 

Library 

Tools, implements, and ir.achinery 537.15 

Furniture and fixtures 82.91 

Scientific apparatus 261 .24 ' 

Live stock 643 .25 ' 1 

Traveling expenses 150.77 

Contingent expenses 

Buildings and land 358.33 

Balance 

$15,000.00 $15,000.00 

Dr. 
To receipts from the treasurer of the United States 

as per appropriation for the fiscal year ending 

June 30, 1907, under Act of Congress approved 

March 16, 1905 $7,000.00 

Cr. 
By Salaries $3460.57 

Labor 2192.32 

Publications 

Postage and stationery 1 .90 

Freight and express 28.78 

Heat, light, water, and power 182.94 

Chemical supplies 27 . 71 

Seeds, plants, and sundry supplies 15.98 

Fertilizers 

Feeding stuffs 

Library 

Tools, implements, and machinery 387.05 

Furniture and fixtures 

Scientific apparatus 9 . 50 

Live stock 

Traveling expenses 79.97 

Contingent expenses 

Buildings and land 256. 36 

Balance 356.92 

$7,000 . 00 $7,000 . 00 
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Financial Statement. 



Statement of disbursements and receipts of the Minnesota Expeii- 
ment Station for the twelve months beginning July 1st, 1906, and 
<.*nding June 30, 1907, inclusive: 

Disbursements. Receipts. Cash Outlay. 

Station $23,423.77 $ 29.30 $23,394.47 

Agriculture 12,674.53 2,566.80 10,107.73 

Horticulture 5.053.24 1,025.10 4,028.14 

Chemistry 4,000.72 4,000.72 

Entomology 2,466.64 2,466.64 

Veterinary 3,491.01 16.01 3,475.00 

Dairy 4.235.51 4,235.51 

Animal Husbandry 11,721.14 4.762.00 6,959.14 

$67,066.55 $8,399.21 $58,667.35 

Crookston 10,610.49 2,610.49 8,000.00 

Grand Kapids 5,764.65 1,764.65 4,000.00 

$16,375.14 $4,375.14 $12,000.00 

HORTICULTURAL AND FORESTRY DIVISION. 

In the Division of Horticulture and Forestry, the 
work of the past year has been confined to lines similar 
to those of the previous year. 

The work in plant breeding has occupied considerable 
attention and the expense of this has been paid out of 
the Adams fund. This work has been confined to experi- 
ments with potatoes to determine why it is that modern 
varieties of potatoes do not set seed as plentifully as for- 
merly, together with a study of the degree of immunity 
from diseases of the different varieties of potatoes. Both 
these lines of experiments have direct bearing on the im- 
provement of the potato. 

The plant breeding work in fruits has consisted of 
experiments, the object of which is to obtain plants in 
which are combined the best qualities of the American 
and Japanese varieties of plums. There are several places 
in Minnesota where the Japanese plums do fairly well and 
we have secured hand crossed seed as well as seed crossed 
in the usual way by insects. Last autumn all the seed of 
the American and Japanese sorts which were growing in 
the same orchard at Nels Anderson's farm near Lake City 
was purchased and planted at University Farm, with the 
result that we have 5,000 seedlings of much promise. Plant 
breeding work has also been continued in several other 
lines, including crossing work between our cultivated and 
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the hardier forms of strawberries, such as between the cul- 
tivated forms and species obtained from Alaska, which 
seem to be disease resisting and extremely hardy. Some 
work has also been done in crossing the blackberry and 
dewberry, and the blackcap and red raspberry, and with 
peonies. The results secured are of considerable interest. 

The last legislature appropriated $16,000 for the pur- 
chase of a fruit breeding farm. A farm for this purpose 
has been purchased at Zumbrb Heights, and is now in 
possession of this division. We have thought for several 
years that it was important to commence this fruit breed- 
ing work on a large scale, and that only by the handling 
of large numbers of plants can we hope to secure best 
results. This line of work has the earnest support of the 
Minnesota State Horticultural Society, which society as- 
sisted vfery largely in securing the passage of the bill pro- 
viding for the fruit breeding farm. Mr. Charles Haral- 
son, for eight years in charge of the plant breeding work 
at the South Dakota Experiment Station, has been made 
superintendent of this farm. 

The last legislature also provided for forestry work in 
Itasca park, which gives this division a great opportunity 
for carrying on forestry experiments on a large scale and 
under most favorable conditions. This forest consists of 
an area of over 20,000 acres situated around Lake Itasca. 
It has in it a great variety of trees and there are suitable ac- 
commodations for employes. The appropriation, however, 
is quite inadequate for the work which we desire to under- 
take, and it is hoped that the next legislature will deal 
more liberally with this very important line of investiga- 
tion. 

The Divisron of Horticulture and Forestry has issued 
a special bulletin published by the U. S. Department of 
Agriculture entitled ''Courses in Fruit Growing for Mov- 
able Schools of Agriculture.'' 

DIVISION OF AGRICULTURAL CHEMISTRY AND 

SOILS. 

Two bulletins have been published by this division 
during the year: No. 99, "The Calculated and Determined 
Nutrients of Rations, Digestibility of Emmer, and The 
Heat Producing Value of the Fat of Fodders and Grains'' ; 



IX. 

and No. 101, 'Torage Crops of High, Medium and Low 
Protein Content.'' Soil investigations have been a prom- 
inent feature of the Experiment Station w^ork of this di- 
vision particularly in carrying out the provisions of the 
Adams act for research in agriculture. During the year 
the Regents of the University changed the title of this 
division from "Agricultural Chemistry" to "Agricultural 
Chemistry and Soils." In co-operation w^ith former stu- 
dents of the School and College of Agriculture, and others, 
experiments with fertilizers and investigations in connec- 
tion with maintenance of the fertility of the soil have been 
conducted. Specal attention has been given to the in- 
fluence of the fertility of the soil upon the composition and 
value of crops. Some of the results secured are published 
in bulletin No. 101. At the present time studies are being 
made of the influence of different systems of cropping and 
cultivation upon the fertility of soils; the work includes the 
physical and chemical analysis of soils both before and 
after being subjected to dififerent methods of farming. 
Studies are also being made upon the influence of the fer- 
tility of the soil upon the composition and bread-making 
value of wheat. Human nutrition investigations for the 
determination of the digestibility and food value of flour 
in othef forms than bread, have been continued. As in the 
past numerous free analyses have been made for the farmers of 
the state and chemical work has been done in co-operation 
with other divisions of the station. 

DAIRY DIVISION. 

« 
In the dairy division, aside from the keeping complete 
records of the amount and kind of feed consumed by each 
animal and the products yielded therefrom, and which has 
been constantly kept since the organization of the division, 
the composition of the milk yielded has been made a special 
study, with the aid and co-operation of the division of 
chemistry. Gravimetric analyses have been made of 
weekly composite samples of milk representing some 
eighteen hundred separate milkings. Data have been com- 
piled covering the work of the dairy herd during the past 
calendar year, and the work on nutrition in milk produc- 
tion for the winter of 1906-07; the nutriment consumed 
daily on an average during the St. Louis cow demonstra- 
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tion by the dififerent cows in the test, the products yielded 
and nutriment consumed to a unit of product; a life record 
of steers, giving in two cases the daily food consumption 
and daily average content of digestible protein, carbo- 
hydrates and fat, and a life record of thirty heifers from 
birth to the time when they were two years old. 

Bulletins are being prepared from the data secured 
and will be submitted for publication during the coming 
year. 

VETERINARY DIVISION. 

There has been the usual amount of correspondence 
and considerable time given to medical care of our Uni- 
versity farm stock during the past year. Dr. Lipp has 
given most of the immediate medical treatment. 

During the year 145 head of cattle have been tested 
with tuberculin, with 12 reactions, 5 animals marked sus- 
picious and 3 doubtful, the doubtful and suspicious be- 
ing subsequently re-tested. Among 12 reactors there were 
probably 11 animals that had been newly purchased or 
were here for purchase, subject to test. 

Acquisitions and Developments. — During the year, Dr. 
C. F. Flocken has taken up an investigation of swamp fever 
with us. 

Mr. J. A. Rye has been promoted to position as assist- 
ant in the physiological laboratory. 

Dr. W. L. Beebe, bacteriologist for the state live stock 
sanitary board, has continued his work in the bacteriolog- 
ical laboratory, and we have had very helpful co-operation 
from him. 

A bulletin on the infectiousness of the manure of tuber- 
cular cattle which is now ready for the printer, is to be 
published as joint work of Reynolds and Beebe. 

During the year a very satisfactory and well equipped 
physiological lal)oratory has been established in the 
museum room, thus giving two laboratories with two men 
working in each, one laboratory being devoted to bac- 
teriological work and one to physiological work in con- 
nection with our ventilation studies. 

A crematory in connection with the dissecting room 
has been constructed which promises to be of very great 
assistance in disposing of our experimental animals and 
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animals that may die among the farm stock. 

The contagious ward has been remodeled so as to give 
four stalls isolated from each other and from the remainder 
of the stable, each stall having an outside door giving easy 
access to the dissecting room and crematory w^ithout risk 
of contaminating the rest of the building or the ground 
around the building. 

The dissecting room has also been somewhat re- 
modeled. Three suitable stalls have been finished and 
equipped in the box stall ward especially for the study of 
stable ventilation problems and the physiological effect 
upon animals of confinement in light or dark stables. 
These stalls are so arranged that we may have two ventila- 
tion stalls and one dark stall, or one ventilation stall, one 
light stall and one dark stall, especially arranged and fitted 
for research work. A new stable for breeding and rearing 
laboratory animals was gotten under way just too late to 
report for the year. 

Research work has been along the following lines: 

1. Ti-^berculosis. 

2. Swamp F.ever. 

3. Stable Ventilation. . , 

Tuberculosis. 

In collaboration with Dr. Beebe of the state live stock 
sanitary board, a considerable amount of work in a study 
of the infectiousness of manure and nasal secretions of 
tuberculin-reacting cattle has been finished. This work 
has been written up and the manuscript is now ready for 
the printer. 

The manure of fortv-eieht cattle and the nasal secre- 
tion of fourteen cattle have been studied. There is an 
abundance of information concerning the methods by 
which this infection may be taken into the animal's body, 
but very little information concerning methods in which 
it is given off except in bronchial secretion by coughing, 
and in milk. Since comparatively few tuberculous cattle 
cough markedly, and mature cattle are apparently not 
seriously exposed to infection from milk, this has appeared 
to be a very important and very practical subject for study. 

A'S mentioned in last year's report, the material is 
on hand for a bulletin on work finished last year on pasture 
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dissemination of .tuberculosis among cattle. The result 
of this work shows that out-door infestion is not by any 
means impossible. The manuscript for this will be pre- 
pared after other material which seems more urgent for 
publication is gotten out of the way. 

Manuscript for a bulletin of popular information on 
bovine tuberculosis is nearly ready. The available supply 
of bulletin 51 has been exhausted for some time, and there 
appears to be urgent call for a bulletin of this kind. Breed- 
ers and stockmen of the state are now very much interested 
in tuberculosis, and anxious for information concerning 
this disease. 

A demonstration experiment with an anti-tuberculosis 
vaccine (Von Behrings) has been under way since May 1, 
1906. The purpose of this is to secure information on the 
following points : 

1. Safety of the vaccine. 

2. Degree of immunity given. 

3. Duration of jmmimity. 

It is quite evident that this vaccine gives a consider- 
able degree of immunity for at least a short time and it is 
very important for cattle breeders to know whether the 
immunity persists for a sufficient length of time to be 
satisfactory. 

Eighty-two calves are under observation that have 
been vaccinated. These are in three herds : at St. Anthony 
Park, Elk River, and St. Peter. These calves are in direct 
experiment and are being compared as far as possible with 
similar, unvaccinated calves. In addition to this we have 
a list of all Minnesota breeders who have had calves vac- 
cinated with assurances from these breeders that thev will 
gladly co-operate with us and assist in securing needed 
information concerning their results with the vaccine. 
This will give a considerable number of calves under ob- 
servation. 

Swamp Fever. 

During the year Dr. C. F. Flocken of the Bureau of 
Animal Industry has been studying swamp fever in col- 
laboration with the Veterinary Division of the Experiment 
Station, assisted by the State Live Stock Sanitary Board. 
The entire cantagious ward in the veterinary building has 
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been placed at the command of this work, and some im- 
portant results have already been obtained. The disease 
has been produced, several times by inoculation. Typical 
cases of swamp fever have developed, showing that 
the disease is clearly infectious by inoculation. It is im- 
portant to know whether the disease is also infectious by 
way of the digestive tract and may be conveyed by food 
or drink. 

Much information is needed concerning the methods 
of dissemination, and the final aim will be to develop pre- 
ventive treatment. 

Ventilation. 

Ventilation work has been continued steadily through 
the year by Dr. Lipp and Mr. Rye. With the new ventila- 
tion stalls and the new laboratory for this work,' we are 
now well equipped. z\s stated in our report for 1906 the 
chief problems are : 

(a) To determine whether confined animals are 
affected injuriously or rendered unprofitable breeders by 
insufficient ventilation in the absence of infectious diseases 
and if so where and how. 

(b) To determine whether the animal confined in a 
stable provided with poor ventilation has its disease re- 
sisting power diminished thereby. 

(c) The least amount of ventilation compatible with 
normal health, comfort, and profitable feeding. 

(d) The most efficient method of accomplishing the 
needed amount of ventilation. 

During the year a preliminary bulletin. No. 98, "Stable 
Ventilation,'' has been published and was kindly received 
by the agricultural and veterinary press considering the 
fact that it seemed to attack established standards and 
established views on ventilation. 

During the past year the open and closed stall work 
reported in bulletin No. 98, has been duplicated in part, 
using different animals. The object of this has been to 
check up the work and to determine whether other animals 
would give similar results. A large amount of tabulating 
has been done with the blood work mentioned in bulletin 
No. 98, and we have now almost ready for the printer a 
second bulletin in this series. Copy for a third bulletin on 
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ventilation is perhaps half finished in the rough. This third 
bulletin will give the results of blood and urine study of 
a second set of animals. A third set of animals has recently 
1)een started in light and dark stall work and a fourth set 
in another series of further ventilation study work. 

DIVISION OF AGRICULTURE. 

Plant breeding has been one of the important lines 
of work during the past year, as formerly. A number of 
new varieties of wheat are appearing that possess valuable 
characteristics in strength of straw, rust resistance and 
quality of grain, and promise to yield exceptionally well. 
More attention is being given to breeding oats than in the 
past. For some years the Experiment Station has been 
distributing pedigreed oats to Minnesota farmers, the 
varieties being Minn. Nos. 6 and 26 — the No. 6 having an 
average yield of 64.3 bu. for 13 years and the No. 26, 70.5 
bu. Selected strains of these old varieties were placed in 
field trials with the parent varieties in 1904 and the 
accompanying yield figures show that new values have 
undoubtedlv been created in these new varieties of oats. 

Minn. No. 6, parent variety, Average yield ( 1904-05- d6) 71.2 bu. 

20, 79.1 

** 281, best new variety from Minn. No. 6, (1904-05-06) 85.3 " 
'' 295, " " '* " " " 26, " " *' 88.4 *' 

Farmers have been demanding for some years, var- 
ieties of winter wheat that will stand the Minnesota win- 
ters. With a view to meeting this demand, numerous 
crosses and s-elections have been made and as a result, 
hybrid varieties are appearing in the nursery that show 
a vitality percentage of 65 to 70, whereas the old stocks 
are killing out almost entirely. Barring extreme disasters 
within the next vear or two, the Station should be readv 
to distribute hardv varieties of winter wheat within five 
or six years. 

More work has been done with clover and the other 
legumes than in the past, and very satisfactory progress 
has been made in hybridizing these crops. 

Considerable attention has been given also to the 
selection and breeding of varieties of roots that are espec- 
ially adapted to stock feeding and the production of sugar. 
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Seed from a number of valuable crosses has been grown 
during the year and stock provided for still further work 
in this direction. 

The variety testing in cereals has been curtailed to 
some extent this year, though quite a large number of 
varieties are still in the field tests. No varieties are dis- 
carded or distributed without at least a three years' ave- 
age, and frequently six years are required to determine 
whether or not a variety is worthy of further propaga- 
tion. New varieties are constantly being added to the 
list from the nursery plots, and a few^ commercial varieties 
have been secured. Some new varieties are without doubt 
near the point where they can safely be distributed in cer- 
tain sections of the state. 

Crop rotation and farm management still form an 
important part of the experimer.tal work in the Agricul- 
tural Division. It has been possible, through funds secured 
from the Adams Act, to put scales in the hands of quite 
a number of the men who are co-operating w^ith us in 
farm management problems. This gives the data for 
closer study of different classes of farms, and gives definite 
information on the propagation from various plans of crop 
rotation. This work will be continued and extended 
through another year at least, or so long as valuable data 
are secured. 

The statistical work has changed but little in char- 
acter during the year. Data are still being secured on the 
three routes established five years ago in the vicinities of 
Northfield, Marshall and Halstad. Some changes have 
been made in the personnel of the co-operators on the Halstad 
route, and an efifort has been made to include among the co- 
operators men who. are carrying on specialized forms of farm- 
ing, in order that we may include a study of specific problems 
and farms. Sufficient clerical help has been used to bring the 
data up to date, and material for bulletins relating to farm 
production is nearly completed and will doubtless be 
ready for publication during the current year. The co- 
operative corn breeding inaugurated in 1906 has been 
continued throughout the year though some changes in 
location and of co-operators have been made where such 
changes promised better results. Notwithstanding the 
backward season, the co-operators even in the northern 
part of the state have secured varieties which promise to 
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ripen in good season this year. It appears that the policy 
of having corn bred in each of the several sections of the 
state where conditions are varying is likely to get varieties 
that are adapted to this section much more quickly than 
where the selections are made only at some central station. 

A late spring and a backward growing season have in- 
terfered to some extent with yields and the opportunities 
for selections of some of the crops. Average results will 
be obtained, however, and the results of the year will com- 
pare favorably with those of the past. 

Bulletin No. 97 on **Cost of Producing Farm Crops," 
which was in preparation a year ago, has been published 
and distributed by the Station, meeting with general 
favor. The demand for bulletin No. 95 on '^Common 
Weeds" was so great that a second edition was printed 
during the year. No other publications were printed 
though one on corn breeding has been ready for the press 
for some time. ^ 

DIVISION OF ANIMAL HUSBANDRY. 

During the year the effort in Animal Husbandry has 
been to weed out inferior and unprofitable stock in the 
breeding herds and to concentrate the energy on a few 
carefully chosen problems of fundamental interest. Rec- 
ords of productivity and profitableness are still kept in all 
lines of live stock husbandry. The records started a few 
years since relating to herd and flock management have 
been continued. The longer such records are kept the 
more valuable they become and it is contemplated that all 
such records be kept up for some years to come. 

The forage crop experiments have taken on definite 
form and specific problems are being worked out on the 
effect of grain on stock that is being pastured, also the 
relative maintenance value of grain and grasses. Sheep 
and swine have been used throughout the year to study 
methods of converting' into marketable form rough feeds 
grown about the farm. The stock is to be finished for the 
market during the fall season and the added data will be 
compiled with that already in hand. One year's work has 
been finished in maintenance rations for ewes, using regu- 
larly the rough feeds and farm grown grains. It seems 
that much wider and cheaper rations can be used for the 
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maintenance of such stock than has formerly been thought 
possible. Some progress has been made on the experi- 
ment in beef production which has been inaugurated under 
the support of the Adams fund. Several calves have been 
grown through the year on careful test, records of feed 
and growth being carefully kept. Others will be added to 
the lot as fast as possible and the experiment contemplates 
growing calves of different types and breeds from birth to 
maturity, when they will be dressed at the meat shop and 
a careful study made of the dressed product returned. 
This work also is a long time experiment and should be 
continued for a number of years to get reliable results. 
This together with some experiments in breeding milking 
Shorthorns undertaken in co-operation with the U. S. 
government are the main problems in cattle raising that 
are under way at the present time. Others will be added 
as support can be obtained. The swine feeding experi- 
ments of last year have been reported and some new ones 
on the best methods of managing the herd have been un- 
dertaken during the summer season, with the growing 
pigs. 

DIVISION OF ENTOMOLOGY. 

About forty-seven nurseries have been inspected, a 
large number of insects identified for correspondents and 
remedies given. In this connection the entomologist's 
correspondence has averaged about ten letters per day. 

Bulletin No. 100 upon the "Cabbage Maggot and 
Other Injurious Insects'' was issued in January as well 
as the Eleventh Annual Report of the State Entomologist. 
Press Bulletin No. 26, "An Entomological Calendar/' was 
issued in December. A circular on "The Mediterranean Flour 
Moth" was sent out October 31, and in addition to the 
above there have been various communications to the 
Press. 

Experiments have been under way and are still in 
progress against the following insect pests : 

The Cabbage Maggot, the Leaf Hopper, the Plum 
Curculio and Codling Moth. 

Experiments are also in progress at date of writing 
to test the comparative efficacy of dust and liquid spray 
for fungus diseases and injurious insects on fruit trees; 
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experiments with hydrocyanic acid gas; a study of the 
life history of the Bee Moth, the Stalk Borer, of insects 
affecting clover, and of the spread of the so-called "Green 
Bug" Toxoptera Gramimm in this State. 

The occurrence of this southern Grain Plant Louse 
has been one of the most important events of the year. It 
was first discovered in Minnesota bv one of mv field 
workers about July 3rd. Largely owing to the advanced 
condition of the grain it has done this year little or no 
damage though farmers and others have been much ex- 
ercised over it. The native grain plant louse has been 
slightly injurious to oats. The **Green Bug" has been 
found at Breckenridge, Fergus Falls, Wheaton, Fargo, and 
Grand Forks. 

The insectary, granted by the legislature two years 
ago, has been of great benefit. In it over 300 experiments 
have been inaugurated during the last eight months, many 
of which are still in progress. 

NORTHWEST EXPERIMENT FARM. 

The main thought at the Northwest Experiment Farm 
the past year has been drainage. The scheme started in the fall 
of 1905 and pushed in 1906, and which it was intended to have 
completed last fall, was hindered by the wetness of the 
season of 1906 and the failure of the county ditch con- 
tractor to give us an outlet for our drainage. The open 
ditch on the farm is already under way. Tile is being laid 
both by hand and machine digging. Should the weather 
continue as favorable as at present the whole system will 
be installed by about the first of October. 

Engineer J. T. Stewart from the Office of Experiment 
Stations at Washington is stationed here at the farm again 
for this season and is actively superintending the work of 
installing the system which was planned by him. 

Records are kept of cost of materials and labor, in 
all this work, also comparative cost of machine and hand 
labor in laying tile. Various makes and kinds of tile are 
used for comparison. Attention is also given to the differ- 
ent contrivances and methods for open ditch construction. 
Later a report of this work will be given in detail. This, 
we think, is the best line of experimental work that could 
be carried on for the northwest part of the State. 
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Clover and Timothy : The 50 acres seeded to clover and 
timothy in the spring of 1906 made an excessive catch and 
is giving a good yield of hay the present season. More 
ground w^as seeded to clover and timothy this spring. The 
clover root has an important mission in boring holes into 
this fine-grained soil. Also it should and will become the 
predominating weed in place of sunflowers, king-head, 
Canada thistle, mustard, etc. 

Poultry : The poultry department is doing very well. 
It is distributing a better class of stock to farmers of the 
State. Over two hundred dollars worth of breeding stock 
and eggs were sold during one month this spring. 

Cattle and Szvine : The number of Galloways has been 
reduced. A few pure-bred liolsteins have been added to 
the stock. Duroc-Jerseys have also been added to the 
swine, the plan being to keep them as representative of 
the lard, type and the Improved Yorkshire for a bacon 
type. 

Sheep : The small flock of grade sheep shows up fairly 
well, giving an incresae of 117% for the season of 1906 and 
130% for 1907, with an average clip of over 9 lbs. and about 
8 lbs. for the respective seasons, the latter average being 
lighter on account of the greater number of yearlings. 

The enthusiasm of the people in this region for better 
farming is encouraging. 

NORTHEAST EXPERIMENT FARM. 

At the Northeast Experiment Farm at Grand Rapids,, 
valuable work is being done. Results upon this farm prove 
that a large part of this portion of the state is well adapted 
to agriculture. The mining, manufacturing and shipping 
industries of northeastern Minnesota are upon a firm and 
growing foundation, giving employment to constantly in- 
creasing thousands of men and assuring a certain and prof- 
itable market for all the food products which this portion of 
the state can produce. It is important to know that there 
is opportunity for farmers in large numbers to locate and 
do well in this section of the state and it is encouraging to 
the large number of consumers to believe that in the near 
future supplies can be bought from producers near at hand 
and a large portion of the heavy toll now paid to transpor- 
tation companies on food products be saved. The farm is 
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producing grains, corn, grasses, vegetables, fruits, meat, 
butter, and other products and is raising considerable live- 
stock, especially dairy cattle and bacon hoga. Young 
trees are growling and forestry is receiving attention. A 
well balanced agriculture with forestry taking a leading 
part is sure to succeed the waning lumber industry of 
northeastern Minnesota. 



REPORTS AND BULLETINS. 

Five bulletins comprising 256 pages, with illustrations, 
have been issued during the year; also one press bulletin. 
These are free to all citizens of Minnesota who apply for 
them. 

Respectfully submitted, 

W. M. Liggett, 

Director. 
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A STUDY OF CERTAIN CATHARTICS. 



Bv M. 11. Reynolds. 

These experiments as originally planned were on a 
small scale and very simple; but the study became interest- 
ing, and the result has been sixty experiments with eser- 
ine and thirty-two with barium — others with aloes and with 
aloes and calomel. This has naturally resulted in the accumula- 
tion of a mass of statistics and observation notes, of which only 
summaries and conclusions will be published in this re- 
port. It must be remembered that a majority of these 
experiments were upon horses not sick, and are to be re- 
garded as experiments in physiological effects rather than 
actual therapeutics. 

The writer has though best not to discuss the materia 
medica or theoretical therapeutics of the medicines used, 
but rather the results, comparisons, and ranges of useful- 
ness. ■ In studying the results of a cathartic dose, we 
divided the time of each experiment into two periods, A 
and B, and kept records as indicated by the following: 



DATA TAKEN. 



Period A. 



Period A covers twenty-four hours 
befofe the time of administration. 

Data taken : Pulse, temperature, 
and respiration at 12 m., 5 p. m., 
10 p. m., 7 a. m., and 12 m. the 
second day. 



Bowel discharges : Number from 
12 m. to 5 p. m. ; 5 p. m to 10 p. m. ; 
10 p. m. to 7 a m. ; and from 7 a. m. 
to 12 m. the second day ; total num- 
ber for the twenty-four hours and 
total weight. 

Dose given at 12 m. 



Period B. 



Period B covers the twenty-four 
hours immediately after the time of 
administration. 

Data taken : Pulse, temperature, 
and respiration at 12 m., 1 p. m., 
2 p. m., 3 p. m., 5 p m., 10 p. ra., 
7 a. m., and finally 12 m. at the 
close of period B on the third day. 

Bowel-discharge record taken as 
follows : Wh?n the first discharge 
appeared which showed the effect 
of the dose ; number of discharges 
from 12 m. to 1 p. m. ; from 1 p. m. 
to 2 p. m. ; from 2 p. m. to 3 p. m. ; 
from 3 p. m. to 5 p. m. ; from 5 
p. m. to 10 p. m. ; from 10 p. m. to 
7 a. m. ; and from 7 a. m. to 1 2 m. 
at the close of period B. Total 
number during the twenty-four 
hours of period B and the total 
weight of feces discharged. 



In some cases a further period of twenty-four hours 
was added to the experiment and named period C. The 
purpose of this was to compare various medicines and 
doses in their effects as to condition of the feces, number 
and weight of discharges during this period of twenty- 
four hours, and compare these with the period A; we 
then had an accurate record of the bowel discharges not 
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only during this period A, but also during two successive 
periods of twenty-four hours each after administration of 
the cathartic. 

In this way we could get comparisons of the pulse, 
temperature, respiration, and bowel discharge records, 
taken at certain hours and for certain periods during the 
twenty-four hours preceding, with similar data taken dur- 
ing the twenty-four or forty-eight hours, as the case might 
be, succeeding the administration of the medicine and in- 
cidentally have the opportunity to study the subsequent 
effect of the medicine when the active catharsis had ceased. 

It must be remembered that the horses used for these 
experiments were mainly not sick horses. Some were 
colics, impactions, etc. Those were purely experimental, 
however, which were used for comparisons and studies 
of physiological effects, for it is impossible to get two of 
more sick horses in conditions nearly enough alike to make 
the comparisons valuable. The hospital cases are all speci- 
fied as hospital cases or H. C. 

The writer feared that since these experimental horses 
were getting but moderate exercise in the yards, and, with 
few exceptions, no active work, this might lessen the value 
of the normal averages, which, for the bowel-discharge 
records, might be too low for both number and weight; 
and, again, their lack of active work might render them 
less susceptible to cathartics than working horses. To 
settle this point records were taken of thirteen work 
horses on the State farm. 
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TABLE A.— Normal Bowel Record. 

FARM WORK HORSES. 



Name. 

(Working 
I hones ) 



1 Baby, 



6 

7 

8 

9 

10 

11 
12 
13 



Daisy , 
Fan. 
Ned, 
Maud, 



Dandy, 

Chub. 

Frank. 

Pat. 

Harr>', 

Joeie, 

Brownie, 

Kit 



Age 





Condi- 
ticm. 


Kind 
of 




Feed. 




wt. 


Hay. 


Grain. 






work. 


























Kind. 


Amt. 


Kind 


Amt. 














pdayi 
21 


1350 


Good 


Farm 


Poor 


Ad 


Oats 










lib 


1. 




1350 




" 


<t 


.. 


«4 


21 


1300 


• 1 


«( 


4fe 


« i 


<t 


21 


1200 


4 »« 


It 


i. 


grfod 


18 


1275 


" Heavy 


t 4 


t« 


Oats 


15 






car- 














nage 










1200 


" Farm 


(• 


«t 


1. 


18 


1200 


»t 1 << 


* 


< t 


• 4 


18 


1200 


t. 


** 


<i 


4 • 


. • 


20 


1200 




it 


ti 


4 • 


• < 


20 


900 


4< 


Driv- 


Good 


4i 


li 


16 


900 


.. i*?? 


(t 


4 4 


4 


15 


850 


•« fti 


II 


It 


44 


12 


1200 


ii 


Farm 


Poor 


14 


.. 


18 



Sex Color. 



F Black 

F. 

F. Gray 



M 

F. 



Bay 
Sor, 



M. Black 

M. 

M 

M. 

M. 



Bay 

II 

Sor. 



F Gray 

M.I Bay 
F. Gray 



Bowel discharges. 






'o 






o 



s 



u 



Si 



2 


2 


3 


8 


2 


1 


3 


8 


1 


1 


1 


4 


1 


2 


2 


6 


2 


2 


3 


8 


1 


2 


2 


7 


1 


1 


1 


3 


1 


1 


2 


5 


1 


2 


2 


7 


2 


3 


2 


8 


2 


3 


2 


9 


2 


3 


4 


12 


2 


3 


3 


12 



1 2 

2 
1 
1 
1 




1 
2 
1 

2 
3 

4 



33 

42 
22.5 
27.5 
37 



33.5 

23 
25 
32 
30 

35 
33 
54 



Averages, 



7.4 



32 9 



A Study of these records shows an average num- 
ber of discharges per horse per twenty-four hours of 7.4 
and an average weight of 32.9 pounds. 
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TABLE B.— Normal Averages. 

HORSES USED IN EXPERIMENTAL. WORK. 



No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



Name. 



Harry - - 

Jim - - 

Dick - - 

Lad^ - - 

Josia - - 

Jim. 2d - 

Dolly - - 

Brownie - 

Nick - - 

C O. - - 

Kenwo d - 

Whitey - 

Prince - - 
Dandy 



Hospital horses' averages. 



No. 
taken. 



3 
7 
16 
6 
2 
6 
1 
2 

4 
10 
6 
8 
1 
1 



Bowel 

discharges. 



No 



833 

98 

86 

10 5 

95 

1€5 

22.0 

12.5 

8.7 

9.1 

8.0 

10.5 

10.0 

11.0 



11 07 



Weight 



30 
28.1 
*37.4 
23 9 
34 7 
40.5 
36 
33.0 
26 9 
30.2 
30 5 
31.7 
44 5 
40.0 



33.3 



FARM WORK HORSES. 



15 
16 
17 
18 
19 
20 
21 
22 
23 



Baby 

Daisy 

Fan ------ 

Ned ------ 

Maud - - - - - - 

Dandy, 2d - - - - 

Chub 

Frank ------ 

Pat 

Averages of these nine. 
Average of 23 horses. 





8 
8 
4 
6 
8 
7 
3 
5 
7 


1 


62 




9.1 



33 
42.0 
22.5 
27 5 
37 
33 5 
23 
250 
^2 

29 7 



31.8 



Temp. 


Pulse 


Resp. 


09 76° 


32 9 


15.4 


969 


34.4 


17 


10«1 


41.0 


12 3 


100 3 


40.0 


12 6 


99.6 


400 


95 


99 8 


42 


160 


100 6 


45 


150 


100 6 


38.5 


12.8 


100 3 


43.2 


140 


100 1 


39.2 


160 


100.3 


47 2 ; 


145 


100 4 


340 


20 


101.0 


480 


16 


99 9 


397 


14.6 



Number 
of times 
temp. 

pulse, 
and resp. 

taken 



3 

3 

57 

18 

24 
3 

8 

7 

15 

12 

16 

4 

4 



The experimental horses in the hospital — fourteen in 
number — show an average of 11.07 bowel discharges in 
twenty-four hours and an average weight of 33.3. In each 
lot there were a few that varied far from the normal, but 
it will be observed that the averages agree closely. When 
the averages of both lots are taken the results show the 
average number of discharges to be 9.1 and the average 
weight 31.8. 

Work with Cathartics. 

With some horses the series would begin with the 
maximum doses, and the smaller doses be given in series 
later. With others the first dose would be the smallest 
planned, and then progressively larger ones be given, in 
order that the possible source of error — decreasing suscep- 
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tibility — might be discovered and checked. This gives a 
chance to compare a given dose of eserine, e.g., with an- 
other dose consisting of the same eserine plus a variety of 
doses of pilocarpine, then eserine compared with eserine 
and atropine ; then doses of eserine with the best selected 
amount of pilocarpine compared with the same doses of 
eserine and pilocarpine plus atropine in the best selected 
amount, usually 0.05 grain ; then this last dose is compared 
with another in which the eserine and pilocarpine are the 
same, but strychnine is substituted for the atropine. Each 
dose and the series comparisons duplicated with as many 
horses as possible. The barium experiments give a chance 
to compare the most satisfactury eserine combinations 
with barium. Conclusions will be given later. 

For the eserine experiments all doses are in grains on 
a standard of 900 pounds weight. The doses quoted in this 
paper are the doses a given horse would have received if 
he had weighed 900 pounds. This is done for the sake of 
speed and ease in comparing doses and results. The actual 
doses were in proportion to weight. 

For all the barium experiments the doses were also 
given in proportion to live weight, but on a basis of 1000 
pounds standard, and the doses are quoted as in grammes. 
Many veterinarians are in the habit of estimating eserine 
doses in grains and the barium doses in grammes. 

For the barium chloride 8 grammes were selected as 
the smallest dose per mouth, and 0.75 as the minimum dose 
by intravenous method. The drench series consisted of 
8, 10, 12.5, 15, and in two cases 20 grammes. In some 
cases a dose would-be given in bolus, then duplicated in 
solution to see if there was a material difference as to the 
method of administration. The series selected for the 
intravenous method was 0.75, 1. and 1.5 grammes in 10 
per cent, solution. When the ideal dose proportion or 
balance of the medicines used had been decided, then this 
dose was to be given to cases in practice and records kept. 

The medicines. — It frequently happens in the use of 
cathartics that the results are very unsatisfactory. It may 
be that results are wanting — a large dose is apparently 
without effect upon the bowel movements, or a small dose 
may act with unexpected and alarming sev^erity. It may 
be that there is an extreme depression, painful peristaltic 
activity, severe muscular tremors, and so on, and the ques- 
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tion becomes an interesting one why, in this particular 
case, the results were so unsatisfactory. We shall try to 
answer some of these questions later. 

TABLE C.—- Medicinal Dose. 







d 






.2 






•♦* 






OS 




, 


h 


Drug. 


n 


a 




3 


S 




fk 


rt 


Eserine, 


X then — 


PilocarpiDe 


t — 


o 


Atropine, 


X 


X then — 


Strychnine, 


X 


X 


BaCla, 




X 



i 

a 



•Si 



— o — then X 
o 

X 



o 
o 



X 

then X 





8 


.2 


-3 


1^ 


'7* 


V 


U 


fH 


a> 


V 

32 




*— X 


.... 


X 


X 


— 


*(x)(-) 


X 


(-) 


X 


(-) 



^ 



So 



X 
X 



S . 



Secretion 

Secretion 

Secretion, 

especially 

urine 

Urine. 



i 

'as 

03 


Qvoluntary 
muscle- 
fibres 


Pk 


t-H 


X 


X 


X 


• 


*— X 


*— X. 


X 


X 


X 


X 



O M 

oo 



(-) 
(— ) 

(— ) 



o. Nil. (— ). 

— . Lessens or depresses. (x). 

X. Increases or stimulates. f . 

*. Depends on large or small dose. 



Contracts 

Dilates or expands. 

Authors differ. 



It will be noticed that all these medicines increase 
secretions except atropine in large doses, and that even it 
has this eflfect in small doses, and the same remarks apply 
to their effects on peristalsis. All stimulate contractions 
of involuntary muscle-fibres except pilocarpine, which has 
something of a reverse effect. Atropine stimulates the in- 
voluntary fibres in small doses and the reverse in large 
doses. Upon the hollow organs in general, eserine, pilo- 
carpine, and strychnine contract them. 

Barium — Bartholow says of barium, in his Materia Med- 
ica, in speaking of the physiological effects of barium, 
chloride on the human, that in full medicinal doses it 
causes irritation of the stomach with sense of heat or burn- 
ing at the epigastrium. One case is reported where symp- 
toms of poisoning came on in one week after the adminis- 
tration of .5 grain three times daily, the whole amount 
taken being 2.5 grains. The symptoms were extreme ex- 
haustion and nervousness. He thinks a peculiar idiosyn- 
crasy must have existed in this case or so small an amount 
would not have produced such proupunced symptoms. . . . 
He says the usual symptoow fn cases of poisoning are in- 
tense anguish, free salivation, great thirst, loss of voice, 
vomiting, purging, dilated pupils, frequent micturition, 



XXVII. 

respiration slow and labored, and slow pulse, increasing 
weakness, and finally complete paralysis of the extremities. 
The chief post-mortem conditions are pronounced rigidity, 
bronchial effusion, and hyperaemia of the lungs, heart dis- 
tended, with black blood, and brain engorged. In the 
stomach intense hypersemia, sometimes perforation; 2.5 
grains have produced serious symptoms; 1 drachm has 
caused death in seventeen hours and one ounce in one 
hour. He says also that large doses suddenly injected 
into the jugular cause paralysis of both heart and lungs; 
death is caused rather by paralysis of the respiratory 
muscles than by cessation of the heart-action. Paralysis 
in the lower animals begins at the lower extremities. Bar- 
ium causes strong cardiac contractions, dilated pupils, 
energetic peristalsis of the bowels, even closure of the 
lumen of the intestine and of the bladder, and almost com- 
plete approximation of the peripheral vessel-walls. 

Unafvorabte Catharsis. — Let us study for a moment the 
criticism of a cathartic effect. What are the unsatisfactory 
results that may follow the admini'stration of a cathartic? 

We may have a fatal poisoning; the result may be less 
serious, but there may be extreme pain ; there may be 
severe depression, severe muscular tremors, or an agent 
may be uncertain and results difficult to estimate. There 
may be actual constipation ; the eflfect may be nily or ex- 
treme purging and a possible enteritis. There may be a 
persistent and objectionable after-period of constipation 
when the cathartic action has ceased. A common and very 
unsatisfactory result appears in those cases in which there 
is at first a very active eflfect apparently, but the discharges 
are small, little but watery fluid passes, and there is little 
movement of actual feces. It is very common that after 
the administration of a cathartic there appear quite a num- 
ber of discharges — many more than would have appeared 
under normal conditions; but the total weight of feces 
passed during the twenty-four hour period may be very 
much less than would have occurred without the cathartic, 
and so whereas we wish to unload the bowels, as a matter 
of fact we may have accomplished just the reverse. 

Ideal catharsis. — What constitutes an ideal cathartic 
effect? The answer to this must depend to a large extent 
on the object to be accomplished; but in general there 
should result the movement, during twenty-four hours, of 
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from three to ten or more pounds of feces, more than would 
have occurred without the medicine during the same 
period; there should be a gain in number for this period of 
perhaps five; the pain resulting from the dose must be nil 
or moderate; there should follow slight or no after-consti- 
pation; there sRould be no extreme depression during the 
active catharsis, and we dislike very much the severe 
muscular tremors that sometimes follow the use of certain 
drugs. The drug should be such that there is no danger of 
fatal or even alarming results in horses that we do not 
know as to their susceptibility. 

Unsatisfactory results — reasons. — In studying unfortun- 
ate and unsatisfactorv results of eserine we must not for- 
get that there are two alkaloids in the calabar bean which 
are diametrically opposed in physiological effects, and that 
a commercial sample of esserine is liable to be contam- 
inated with calabarine. Again, eserine in the presence of 
acids takes up water and changes to eseridine, which has 
at the best but one-sixth the activity of eserine. These 
alkaloids are quite easily separated because of their differ- 
ing solubilities. For instance, eserine is soluble and cala- 
barine insoluble in ether. 

When using pilocarpine it must be remembered that 
jaborandi also has two alkaloids that are antagonistic in 
physiological effects, and that pilocarpine is changed into 
jaborine by oxidation or by heat alone. Jaborine is more 
easily soluble in ether and less easily soluble in water than 
pilocarpine. Commercial pilocarpine may be contaminated 
with jaborine. We must not blame pilocarpine too readily ; 
the fault may not be in the pilocarpine. 

Again, patients vary greatly in susceptibility to all the 
drugs commonly used for cathartic effects. Drugs may be 
old and have deteriorated, or they may be adulterated. In 
cases wherein several drugs are used — for instance, in 
hypodermic cathartics — in which either or all of those 
used in our experiments may be given, the combination 
may be a poorly balanced one — for instance, in combining 
eserine or pilocarpine, or both, with atropine. The addi- 
tion of a very small amount of atropine, say 0.05 or 0.04 
of a grain, may be very desirable, whereas if the dose had 
been increased to 0.1 grain the eserine is neutralized to 
such an extent as to make that amount oif atropine very ob- 
jectionable. Too much of a drug may be given, or too little, 
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for satisfactory results. Finally, in considering the results 
of a cathartic which has been unsatisfactory, we should not 
lose sight of the condition of the bowels at the time of 
administration. The condition of the stomach, after a full 
feed or before, may have much to do with determining a 
cathartic effect, as, for example, barium experiments 1, 2, 
and 3. 

When a horse is feverish and consequently constipated 
effects are apt to be slow and indefinite; a horse should 
never have a full purgative when weak from pre-existing 
illness or depressed from any cause; purgatives should be 
administered with extreme care in inflammatory diseases 
of the respiratory organs, and very rarely when any por- 
tion of the alimentary canal is suffering from an inflamma- 
tion. 

Of 98 experiments the following have been quite un- 
satisfactory : Eserine experiments, 6, 9, 12, 13 (fatal), 14, 
17, 19, 20, 21, 22, 23, 26; 30, 32, Z7 40 48, 53, 55, 56, 58; 
also barium experiments, 16, 19, 24, 28, and 32. (For doses 
and results, see Tables D, E, and F.) 



Autopsy Ri^^i<:ki 



DS. 



(I.) E. (13). Brown horse; poor condition; quite 
old; weight, 1200 pounds; dose, 3 grains eserine at 12 m. 
This horse was poor and weak and supported in slings at 
the hospital at the time of this experiment. On the basis of 
3 grains per 900 pounds this horse actually received 4 
grains. The purpose of the experiment was to study the 
effect of such a dose upon a horse in his condition, and then 
to post-mortem the horse and study the effect upon the 
mucous membrane involved. This was evidently a very 
sick horse from the time the medicine took effect until he 
was dead. The disturbance was in genedal violent, such as 
a practitioner would not care to see in actual practice. The 
pain was very severe, and the feces effect also very severe, 
with six discharges during the first hour and thirteen dur- 
ing the first three. 

(II.) Subject "John,** died suddenly at 5 p. m. and 
was post-mortemed at 5 p. m. November 14th. Parts were 
normal except as noted, only alimentary canat being ex- 
amined. Cstcum — Arch and also mesocaecum show large 
bright blush, With somewhat darker pin-head spots. Large 
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colon — First portion and suprasternal flexure similar but less 
marked. Ileum shows same condition, practically whole 
length. Jejunum terminal, half, same condition. The con- 
gestion or hyperaemia involved noticeably the muscular 
coat. As normals could not be obtained for this experi- 
ment, the writer was therefore unable to make comparison 
of them with those obtained under effect of medicine. 
Feces, first catharsis at 12:35; 6 during the first hour^ 5 
during the second, 2 during the third, 1 from 3 to 5 p. m. ; 
died at 5 p. m.; total number to that time, 15; total weight, 
9.07 pounds. Tenesmus was evident during the whole time 
after the effect of medicine appeared until horse died; 
slight pain at 12:25; considerable gas; perspiring very 
freely at 12:40, which continued until death. At 5 o'clock, 
just before dying, the heart action was irregular and vio- 
lent, with pulse 36 and weak; dropped suddenly into slings 
and died. 

(III.) B. experiment (11). Illustrates a rather large 
dose of barium with poisonous effect in a peculiarly suscep- 
tible horse. Dose, 15 grams at 7 a. m. in bolus. This ex- 
periment is interesting in that the horse died, and a post- 
mortem was obtained ii/i%King some interesting develop- 
ments. Feces record for twenty-four hours : Period A, 8 
discharges ; weight, 32 pounds ; normal in all respects ; 
horse in good health. 

Period B, first discharge at 7:35; 6 the first hour; 14 
the second; 8 the third; 11 from 10 a. m. to noon; 12 from 
noon until 3:30 p. m.; died at 3:30; total number for the 
83^ hours, 51 ; weight, 50 pounds. Temperature not ma- 
terially varied; pulse 60 at 10 a. m.; 54 at noon; respiration 
42 at 9 a. m. ; 48 at noon. Slight tenesmus between 7:50 
and 8:40; uneasy at 8:45; lay down at 9 o'clock; no ex- 
cessive pain from 9 until noon. Feces very thin; com- 
menced trembling at 3 :30 ; struggled ; fell suddenly at 3 :32 ; 
struggled to her feet again after considerable effort; im- 
mediately fell on left side; leg and body-muscles quivered 
spasmodically; died very suddenly. 

' (IV.) Kenwood (black mare). Thoracic cavity and 
contents were apparently normal. We omitted to examine 
interior of oesophagus. Stomach shows two very distinct 
areas of intense local inflammation (both in right cul-de- 
sac and greater curvature). Mucous membrane is swollen 
and purple in two spots just the shape and size of the bar- 
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ium balls; borders sharply defined. She had lain down 
several times during operation of the physic, and we 
noticed she would stagger a little and tremble slightly tor 
a moment after rising. She had also acted in the same way 
during operation of her last dose of barium. 

Jejunum and ileum were normal; mucous membrane 
of caecum and first, second, and third portions of the colon 
(less^ marked on fourth portion) mildly congested; small 
colon and rectum filled with soft feces,, consistence of cow's 
feces, dirty gray color; feces about this same condition 
throughout the entire canal, all soft and uniform. There 
was very little feces in the small intestines, but throughout 
this portion there was a great abundance of fluid about the 
consistence of gravy and about the color of light blue clay. 
Peritoneal surface of the diaphragm w^as nearly covered 
with little patches of organized fibrinous exudate — possibly 
the result of some, pre-existing peritonitis, but singularly 
local. 

The brain substance and meninges were apparently 
normal, except a congestion of each choroid plexus and a 
decided congestion of the pia mater and the inner arach- 
noid, around inferior portions of the cerebellum. The in- 
ferior surface of all three lobes of the cerebellum was 
deeply reddened, with raised, swollen appearance — could 
easily separate a thin layer from this portion of the cere- 
bellum that resembled a blood-clot, quite firm, difficult to 
tear. 

(V.) B. Experiment (32). Shows an interesting re- 
sult from intravenous use of barium. Severe local szvelling. 
Dose, I. gramme, intravenously given in lo per cent, solution. 

Feces record, Period A, twenty- four hours; number of 
discharges, 8; weight, 22 pounds; normal. Period B, total 
number, 12; weight, 12 pounds. A distinctly constipating, 
effect was evident: pain moderate; eflfect on pupils, nil. 

This experiment was continued during the third period 
of twenty-four hours, C, to study the effects of this dose 
upon the feces records, with the following results: Total 
number. Period C, 8; weight, 28 pounds. A very unfavor- 
able showing from Period B^ when the cathartic effect 
should have been active. A large swelling slowly appeared 
on the side of the neck and extended downward perhaps 
eight inches, and upward about two inches from the side 
of injection. The next day after injection it was about. one 



Fig. 1. — Stomach of Horse, showing the effect of two barium chloride 
balls. Barium esperiment (11). Note the two dark inflamed areas, 
the size and shape of the two barium balls given. See Autopsy 
IV. 

foot long and five inches wide, am! perhaps an inch and a 
half above the level. The swelling did not seem painful or 
annoy the horse, and went down by the 24th. No abscess 
developed. The horse was in good health, eating and feed- 
ing well all the time. The vein was not obstructed, as 
shown by pressure below the swelling. The needle entered 
the vein easily, and the blood flowed through the needle 
very freely, showing that the needle was unquestionably 
in the vein. The horse stood quietly for the injection, and 
i-t is almost impossible that any barium should have been 
injected outside the vein. Tn view of this the swelling is 
difficult to account for. 

Unsalisfiutory experiences with barium reported by others. (See 
Joum. Comp. Med. and Vet. Archiv,, vol xvii. No, 7, Mollereau ; Ibid., 
Rks; Befhtier IVochenschrift, No, 24; Ibid., No. 27; Frt. Jmtm. and 
An. Comp. Path., vol. xli. No. 246, Nemo; Vtierinarj Magazine, vol. iii. 
No. 2, Treacy; Am. Vet. Review (from Berl. Thier. iVotk.), vol. xx. No. 
1, Bieser; lourn. of Comp. Med. and Vet. Areh., vol. xviL No. 9. Plasfcett; 
The Vetfrrnary Magastne, vol iii. No. 7, p. 445, Gary.) 
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TABLE D. — Hsrpodermic Experiments. 

Abbreviations explained at the end of the table. 






Name 


Exp 
No. 


Bowel discharfiff's 


Dose 


No.* 


Weight * 


Pain. 


F. effect 


l8t hour 


l8t 3 hrs. 


E ,5 


Ji-n, 2d, 


19 


17 
15 


32.5 
32 5 


o 


o 


3 


3 


t 


Dick. 


22 


8 
11 


30 
37 


o 


o 


1 


3 


E.5 
Plr 


J in, 2d. 


20 


14 

12 


255 
32 5 


o 


o 


3 


3 


E 5 
P2. 


Dick. 


23 


8 
6 


37 5 


o 


o 





1 


E.75 


Lady 


35 



10 


26 
28 


o 


X 


1 


4 


El. 


Jim, 2d, 


18 


18 
46 


47 5 
76.5 


X 


xxxx 


6 


30 


(t 


Joaie, 


48 


10 
9 


37 
24.5 


o 


— c 


1 


1 


•• 


Dick. 


27 


10 
10 


50 
32 5 


^ 


x 


2 


5 


El.. P2. 


Dick, 


24 


7 
14 


32 
41 


o 


XX 


1 


. 6 


El., P2. 
A .25 


Dick, 


30 


8 
9 


38 
34.5 


o 


— C 








E1.,P2. 
A .08 


Dick, 


31 


10 
7 


39.5 
345 


o 


X 


3 





E 1 ,P 4 
A 08 


Dick, 


32 


10 

7 


39 5 

34.5 


o 


— C 





1 


(i 


rick. 


33 


10 
10 


315 
36 5 


o 


o 


2 


2 


E 1., P4 
A 04 


Dick, 


34 


11 

10 


385 
41 


o 


X 


2 


3 


E1.5 


Jim, 2d, 


17 


17 
49 


47 
53 


X 
XXX 


Secreo. 17 

XXX 


20 


42 


I. 


Josie. 


50 


9 

11 


32 5 
34 


X 


« 


2 


2 


• 


Dick. 


28 


8 
25 


325 
36 5 


XX 


XX 


16 


22 


E15. P2. 


Dick, 


25 


9 

11 


33 
35 


X 


X 


2 


5 


E15, P4. 
A 05 


C. C. 


55 


8 
13 


29 
31 


Senrec 

XX 


X 


Mistake 
2 


in A. 
2 


E 1 5. P 4. 
A 05 


C. C. 


57 


8 
13 


34 
37 


XX 


XX 


3 


4 


1 


Whitey, 


56 


12 
14 


40 
37 


X 


1 


Mistake 



in A. 

1 




Whitey, 


58 


9 

14 


31 

40 


XXX 


XX 


5 


7 


•t 


Kenwood, 


54 


10 
14 


33 
34 


n 


X 


3 


8 


E 1.5. P 4. 
A .14 


Doly. 


31 A 





"o 


o 


o 


H C. Im 



paction 



E 1.5, P 4. 
8.5 


Li^rhtfoot. 


46 


18 


25 


X 


XX 


7 


17 





. 
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Name. 


Exp. 
No. 




• 


^owel dischargee. 






DOM. 


No.* 


Weight. * 


Pain. 


F. effect 


Ist hour 


1st 3 hrs. 


e:2. 


iJim, 2d 


21 


15 
67 


;:;: 


xxxx 


xxxx 


15 


47 


M 


Dick, 


20 


7 
37 


305 
46 5 


X 


XXX 


17 


28 




Jim, 


4 


16 
15 


30 
32 


X 


< 





3 


E2. 
A. 05 


Whitey, 


50 


14 
22 


42 
44 


XX 


XX 


5 


• 7 


t 


0.0. 


60 


12 
23 


42 
42 


X 


zxx 


7 





E 2.,P2. 


Jim, 


7 




18 


30 

37 


XX 


xz 


6 


14 


«< 


Jim, 2d, 


15 


18 
47 


50 
51 


XXX 


XXX 


17 


38 


•* 


Dick, 


26 


8 
23 


47 
52 


xzx 


XX 


13 


20 


E2.,P2. 
A. 2 


Dolly, 


30 A 


2 


4 


XX 


X 


H C Im 
2 


paction. 
2 


4 


Dick. 2d, 


38 


mmm» 


.... 


o 


o 


H. C Im 



paction. 



E2.,P2.5 
8.5 


Jim, 


11 




40 


268 
316 


XXX 


XXX 


11 


35 


E2.,P4. 


Udy. 


37 



27 


23.5 
26 


XXX 


XX 


S^e re 
14 


cird. 
21 


E2.,P4. 
A. 05 


Udy, 


43 


11 
10 


20 

3.i5 


XX 


XX 


10 


16 


•t 


Lady 


40 


13 
12 


24 5 
2S 


XX 


<f 


3 


3 


ti 


Dick, 2d» 


30 


• •«• 


.... 


o 


X 


See exp 



record 
4 




Dick, 


36 


10 
25 


385 
36 


X 


XXX 


15 


10 


•t 


0. C. 


51 


8 
23 


105 
36 


XX 


XX 





14 


»t 


Whitay, 


52 


15 
15 


32 5 
40 


XX 


XX 


7 


8 


It 


Kenwood, 


53 



20 


33 
42 


XX 


XXX 


4 


20 


E2 .P4. 
S.25 


Lady 


47 


♦10 
32 


*26 
24 25 


X 


XXX 


15 

1 


26 


(4 


Dick, 


44 


11 
22 


33 
42 


o 


XX 


1 

7 


17 


E2..P4. 
8.5 


Lady, 


45 


11 
16 


•20.25 
25 


XX 


XX 


2 


14 




Dick. 
W.W., 


41 


13 


21 


o 


XX 


4 


12 




Dick. 


42 



32 


3S 
54.5 


o 


XXX 


20 


28 


E 2.5, P 2.0 


Jim, 





4 
27 


10.3 
27.2 


XXX 


XXX 


4 


25 


«i 


Harry, 


8 


7 
14 


25.7 
31 


XX 


XX 


5 


12 
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Name 


Exp 
No. 






Bowel discharges. 


^ 


DOM. 


No.* 


Weight.* 


Pain. 


F. efifect. 


1st hour. 


Ist 3 hrs. 


E 2.5 
P 2.6 
A.l 


Jim 


10 


10 
13 


15.3 
20.3 


X 


X 


2 


7 


4« 


Jim. 3d. 


16 


13 
20 


40 
45 


X 


• 

XX 


5 


10 


E 25 

P 15 

A. 25. 81. 


Jim. 


12 


10 
10 


20.3 
25 


o 


o 








E 3. 


Harry 


5 


19 


33 


XXX 


XXX 


3 


16 




Jim, 


6 


11 
30 


37 
33 


XXX 


xxx 


10 


24 


(1 


John, 


13 


15 


9 


xxxx 


xxxx 


6 
Died. 


13 


*« 


Jim. 2d. 


14 


5 
56 


10 
55 


XXX 


xxx 


4 


39 


E3 S.l.Al 


Cow. 


40 


.... 


.... 


— c 

o 


o 









TABLE £.— BaCL, per Mouth. 





Name. 


Exp. 
No. 






Bowel Discharges. 




Dose. 


No* 


Weight* 


Pain. 


F. effect. 


1st hour. 


1st 3 hrs. 


8. 


Kenwood, 


1 


6 
9 


28 
27.5 


o 


X 


1 


3 


8. 


Whitey 


3 


7 
19 


23 
49 


o 


xxx 


3 


15 


8. 


C C, 


2 


7 
14 


22 
46 


o 


XX 


2 


8 


10. 


Kenwood, 


4 


8 
52 


28 
48 


xxx 


xxx 


1 


19 


10. 


c.c. 


5 


13 
15 


40 
25 


Mistake 

X 


in dose. 

X 


26 hours. 



26 hours. 



10. 


Dolly, 


15 


23 
19 


35 
33 


o 


XX 


4 


9 


10. 


Brownie. 


14 


13 


26.5 


o 


X 


1 


2 


10. 


Nick 


16 


9 

11 


27 

23 


o 


o 


t 


4 


10. 


Dandy, 


29 


11 
16 


40 
42 


• 

o 


X 


3 


4 



• Total numbers and weights of boweV discharges for Periods A and B in each 
experiment. 

BaCls Barium Chloride. 
E. Eserine. P. Pilocarpine. A. Atropine. S. Strychnine, 
o. Nil. XX. Severe or decided. 

x/s Very sligrht effect. xxx. Very severe or decided. 

X. Slight effect. xxxx. Extreme. 

F. effect. General cathartic effect. H. C. Hospital case. 
1st hour. Number of bowel discharges during the first hour after giving 
dose. 

1st 3 hours. Number of discharges during the first three bourse after giving 
dose. 

Doses quoted are on basis of 900 lbs. weight and expressed in grains for 
E., P., A. and S.. and for Barium in grammes. 
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Name. 


17. 
6 


Buwel diBcbargcs. 

• 


DOSA. 


No* 


Weight * 


Pain. 


F efitect. 


let hour. 


let 3 hrs. 


12. 


Kenwoo', 


7 
49 


29 
43 


X 


XXX 


6 


32 


12. 


Whitey. 


8 


11 
11 


34 
32 


o 


o 





1 


12 


c. c. 


7 


10 
2S 


31 
36 


X 


XXX 


4 


18 


11.6 


Nick, 


19 


9 

11 


27 


o 


— c 


1 


2 


125 


Queen, 


9 


13 


53 


o 


X 


1 


4 


12 5 


Brownie, 


20 


14 
11 


32 


x/a 


X 


1 


2 


12.5 


Brownie, 


27 


11 
13 


34 
44 5 


Active 12 M to 5 P M. 

XX XXX 0^ 1 


12 61 


Nick, 


25 


9 
14 


29.5 
37 


o 


X 


1 


4 


12 5 


Kit 


24 


12 
12 


54 
67 


o 


o 





1 


12 5 


Prince, 


26 


10 
34 


44 5 
84 


Gaunt 

X 


and much 
xxxx 


depressed afterwar.I. 
3 10 


15. 


Kenwood, 


11 


8 
51 


32 
50 


XX 


xxxx 


8H hrs. then died. 
6 28 


20. 


Whitey, 


13 


11 

28 


26 5 

51 


XX 


XXX 


Active 12 



M.ta5PM. 
2 


15. . 


C C, 


12 


9 

48 


31 
40 


XX 


XXX 


13 


35 


15 


Queen. 


10 


ii 


40 


o 


X 








19 1 


Nick. 


13 


8 

14 


24 
33 


X 


X 


1 


3 



TABLE F. — BaClz, Intravenous. 





Name. 


Exp 
No. 


Bowel discharges. 


Dose. 


No* 


Weight* 


Pain. 


F. effect. 1st hour 

1 


let 3 hrs. 


0.75 


Whitey 


18 


10 
16 


33 
34 


o 


XX 


9 


12 


0.76 


C C , 


17 


11 
30 


28 
32 


X/2 


XX 


12 


20 


A • 


Whitey. 


21 


12 

24 


39 
40 


o 


XX 


11 


12 


A • 


C.C. 


22 


9 

• 28 


37 
42 


xA 


XXX 


14 


15 


1 9 


Nick, 


32 


8 

12 


22 
12 


XX 


~c 


1 


4 


J • 


Dandy, 


31 


16 
20 


37 

27 


x/a 


X 


7 


9 


1.5 


Whit«»y, 


28 


12 
14 


42 
355 


XXX 


XX 


7 


9 


1.6 


C C. 


30 


11 
43 


41.5 
42 


x/a 


XXX 


28 


38 



Abbreviations same as in Table D. 

Doses quoted on a basis of 1000 weight and expressed in grammes. 

Doses administered in 10 per cent, solution. 
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COMPARISONS AND CONCLUSIONS. 

The following comparisons are made in view of sim- 
ilar doses, the differences being only such as necessary to 
furnish the desired data. The number of bowel discharges 
for twenty-four hours, the weights of the same, the pain 
effect with general disturbance, and the general bowel 
effects are considered. The number of discharges during 
the first hour after the administration of the medicine, or 
after the first appearance of the cathartic effect, and the 
number during the first three hours after that time, are 
also considered. (See Tables D, E, and F.) 

Pilocarpine with Eserine. — As to the value of pilocar- 
pine in connection with eserine, the comparison of experi- 
ments (5) and (8), (28) and (24), (28) and (25), (29) and 
(26), (27) and (24), (4) and (7), (6) and (9), (21) and (15), 
(59) and (52), (60) and (51), (60) and (57), making a 
total of eleven comparisons, shows six in favor of pilo- 
carpine and five in favor of eserine alone. 

A few of the experiments seem to show distinctly in 
favor of pilocarpine; with the others the comparison is 
but slightly in its favor. On the whole, the comparison is 
not strongly in favor of pilocarpine. 

Eserine alone, as compared zvith eserine and atropine. — 
A comparison of experiments (21 ) and (59), (29) and (60), 
(4) and (59), (5) and (59), (6) and (60), (13) and (59), 
(14) and (60) — a total of seven comparisons — shows six 
strongly in favor of atropine and one with results about 
equal. 

Note. — All the comparisons in this paragraph, of eserine with eserine and 
atropine, are with different horses, and should not, therefore, be estimated at 
the same value as though the compared doses had been given to the same 
horse for each comparison. It seems quite clear, however, that atropine in 
very small doses makes a desirable addition to eserine. 

Eserine as compared zvith eserine, pilocarpine, and atro- 
pine. — The comparison of experiments (29) and (51) (dif- 
ferent horses); (17) and (57) (different horses); (5) and 
(43) (different horses); (4) and (53) (different horses); 
(28) and (54) (different horses); (21) and (52) (different 
horses) ; (27) and (31) (same horse) ; (27) and (33) (same 
horse) ; (29) and (36) (same horse) ; (27) and (34) (same 
horse);. (48) and (34) (different horses); (18) and (31) 
(same horse), making a total of twelve comparisons, with 
seven distinctly in favor of pilocarpine and atropine, three 
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in favor of eserine alone, and two with results practically 
equal. On the whole, the comparison is decidedly in favor 
of the combination. 

Eserine and pilocarpine as compared zvith eserine, pilocar- 
pine, and atropine. — A comparison of experiments (9) and 
(10) shows distinctly in favor of atropine; (37) and (43) 
also distinctly in fayor of atropine. 

Eserine and pilocarpine as compared with eserine, pilo- 
carpine, and strychnine. — A comparison of experiments (7) 
and (11), (37) and (45), (37) and (47), (15) and (11), 
(26) and (11), making a total of five comparisons, with 
two strongly in favor of strychnine; two distinctly in 
favor of strychnine; and one with results about equal. 

Eserine, pilocarpine, and atropine as compared ivith eser- 
ine, pilocarpine, and strychyiinc. — A comparison of experi- 
ments (43) and (47), (43) and (45), (36) and (62), (36) 
and (44), (52) and (47) (different horses); (54) and (46) 
(different horses); (51) and (44) (different horses); (57) 
and (46) (different horses) — a total of eight comparisons, 
seven strongly in favor of strychnine and one with results 
about equal. The whole comparison is strongly in favor 
of the strychnine in the matter of weights of actual feces 
removed, number of discharges, and permanence of effect. 
(See Tables D, E, and F.) 

With hypodermic cathartics the item of balancing the 
medicine used is very important, especially with atropine 
and strychnine, too much of either being objectionable and 
too little without effect. 

Eserine combinations compared zvith barinm. — We have 
endeavored to make a comparison of eserine combinations 
with barium chloride, using moderate and representative 
doses of each. These comparisons are selected at random, 
some of them being upon the same horse and quite a num- 
ber with different horses. The writer wishes to emphasize 
the fact that he does not attach much importance to com- 
parisons of cathartics on different horses in isolated cases, 
but if a number of experiments can be gotten together the 
general averages mean something. Another lot of com- 
parisons, selected at random, might vary the results to 
some extent, but not a great deal. 

A comparison of E. 59 (dose, eserine 2 gr., atropine 
0.05 gr) with B. 3 (dose, 8 grammes per mouth) shows 
distinctly in favor of the barium. 
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A comparison of E. 60 (dose, eserine 2 gr., atropine 
0.05 gr) with B 2 (dose, 8 grammes per mouth) shows 
results practically equal, the weight somewhat in favor 
of barium. 

A comparison of E 58 (dose, eserine 1.5 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B 8 (dose, 12 grammes per 
mouth) shows in favor of the eserine, but both very un- 
satisfactory. 

Comparison of E. 52 (dose, eserine 2 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B. 21 dose, 1 gramme in- 
travenously) shows slightly in favor of the barium ; pain 
in favor of the barium; weight of feces in favor of the 
eserine. 

Comparison of E 51 (dose, eserine 2 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B 22 (dose, 1 gramme intra- 
venously) shows very strongly in favor of the barium. 

Comparison of E 54 (dose, eserine 1.5 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B. 1 (dose, 8 grammes per 
mouth) shows results practically equal. 

Comparison of E. 53 (dose, eserine 2 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B. 4 (dose, 10 grammes per 
mouth) shows strongly in favor of ^serine. 

Comparison of E. 43 (dose, eserine 2 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B. 15 (dose, 10 grammes per 
mouth) shows slightly in favor of the eserine (diflferent 
horses). 

Comparison E. 36 (dose, eserine 2 gr., pilocarpine 4 
gr., atropine 0.05 gr.) with B. 32 (dose, 1 gramme intra- 
venously) shows very strongly in favor of eserine (differ- 
ent horses). 

Comparison of E. 47 (dose, eserine 2 gr., pilocarpine 
4 gr., strychnine 0.25 gr.) with B. 28 (dose, 1 gramme in- 
travenously) shows strongly in favor of eserine (diflferent 
horses). 

Comparison of E. 44 (dose, eserine 2 gr., pilocarpine 
4 gr., strychnine 0.25 gr.) as compared with B. 8 (dose, 
12 grammes per mouth) shows strongly in favor of eserine 
(diflferent horses). 

Comparison of E. 45 (dose, eserine 2 gr., pilocarpine 
4 gr., strychnine, 0.5 gr) with B 7 (dose, 12 grammes per 
mouth) shows distinctly in favor of barium (diflferent 
horses). 

Comparison E. 41 (dose, eserine 2 gr., pilocarpine 
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4 gr., strychnine 0.5 gr.) with B. 30 (dose, 1.5 grammes in- 
travenously) shows strongly in favor of the barium (differ- 
ent horses). 

Comparison E. 42 (dose, eserine 2 gr., pilocarpine 4 
gr., strychnine 0.5 gr) with B. 31 (dose,' 1 gramme intra- 
venously) shows strongly in favor of the barium (different 
horses). 

Comparison E. 53 (dose, eserine 2 gr., pilocarpine 4 
gr., atropine 0.05 gr.) with B. 6 (dose, 12 grammes per 
mouth) shows slightly in favor of the barium, both nearly 
ideal ; both pain and weight slightly in favor of the barium 
(same horse). 

Comparison of E. 57 (dose, eserine 1.5 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B 17 (dose, 0.75 grammes in- 
travenously) shows strongly in favor of the barium, espec- 
ially as to pain (same horse). 

Comparison E. 58 (dose, eserine 1.5 gr., pilocarpine 
4 gr., atropine 0.05 gr.) with B. 18 (dose, 0.75 grammes in- 
travenously) shows results practically equal ; pain in favor 
of the barium ; weight of feces in favor of the eserine. 

A total of seventeen comparisons shows seven in favor 
of the eserine combinations, seven in favor of barium, and 
three with results practically equal — a remarkably even 
comparison for experiments selected at random. 

We have endeavored to select only such experiments 
as illustrate moderate doses wherein the effects were rep- 
resentative. It is evident that with the intravenous use 
of the barium the results are more uniform, and there is a 
greater uniformity among the different horses as to suscep- 
tibility than when this drug is administered per mouth. 

When we compare the newer cathartics — eserine and 
barium — with aloes as to the actual amount of feces moved, 
uniformity of satisfactory results (when used solely for 
cathartic effect), uniformity of susceptibility, and in any 
case when the element of time is not all important, the re- 
sult is very much in favor of the latter. Especially is it true 
in the matter of actually unloading the colon. The cath- 
artic effect seems to last longer, the pain disturbance is 
uniformly less, with no muscular tremors under ordinary 
circumstances. There is no objection to aloes as to possible 
heart-complications; there is but a slight tenesmus under 
ordinary circumstances and much less after-constipation 
than with either eserine or barium. In any case, when we 



XLI. 

# 

have time to wait, the preference among these is decidedly 
in favor of aloes for horses. 

General comparison of eserine, pilocarpine, etc., compared 
with barium. In the item of expensivene$s the comparison 
is decidedly in favor of barium. Permanence of chemical 
form is greatly in favor of barium. Ease of administration is in 
favor of eserine. - Promptness of effect is, first, in favor of 
the barium per intravenous method; next, in favor of the 
eserine hypodermically; third, in favor of the barium per 
mouth. As to cathartic results, considering numbers and 
weights of discharges, the decision is uncertain, results 
being practically equal. The comparison as to pain dis- 
turbance is in favor of the barium. Muscular tremors stand 
distinctly in favor of the barium. The comparison as to 
certainty of cathartic effects is in favor of the eserine, for 
several horses did not respond to large doses of barium. 
It is true that horses vary somewhat in susceptibility to 
eserine, but not to the extent as with barium. We have 
not thus far found any horse in normal condition that did 
not respond to reasonable doses of good eserine. 

When we compare the two in reference to the possi- 
bility of serious or even fatal results, the comparison is very 
much in favor of the eserine. 

As to the disturbance in temperature, pulse, and res- 
piration, neither has shown any uniform results. As to the 
after-effect upon the bow^els we are not prepared to express 
an opinion. Our experience with the two drugs gives the 
impression that with repeated doses of eserine the suscep- 
tibility increases and with barium it decreases ; but this is 
not given as in assertion of fact. 

As to dosage : The smallest dose of eserine which has 
given good reUtlts was 1 gr. (see E. 18). The largest dose 
of atropine which has allowed satisfactory results has been 
0.1 gr. (see E. 16). We consider the largest dose of eserine 
advisable under ordinary circumstances to be 3 gr., and 
would usually give less. 

In using strychnine with the eserine we should not 
use more than 0.5 gr., and usually but 0.25 gr. This agent 
commonly increases the amount of actual feces moved and 
adds to the desirable effect of the eserine. Ordinarily we 
should not use more than 0.05 gr. atropine. 

The value of pilocarpine in connection with eserine is 
very doubtful. 
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•. "As- to bdHum, we -should not give less -than *8 grammes" 
/.or more than 15 grammes per mduth, arid not more than 
1.5 grammes intravenously, nor less than 0.75 grammes per 
1000 pounds, if anxious to have definite results. Barium 
should not be administered in bolus or capsule. When 
using barium in solution, an ordinary dose should be dis- 
solved in from six to eight ounces of water. 

Three to 5 c. c. of air have been injected several times 
without noticeable effect. We have only known one case 
of serious local trouble among all that have been reported 
with the exception of our own (B. 32). 

The physiological effects which writers on human 
materia medica describe* — depression of the temperature 
and slowing of the heart, etCv — have not been manifested in 
these experiments; neither any posterior paralysis, except 
in the fatal case (B. 11), and no case of peculiar posterior 
lameness such as others have reported. 

Our experience with hypodermic cathartics, of which 
eserine forms the basis, and with barium, gives us the 
opinion that both are useful, but should not replace the old 
cathartics. 

Barium may be useful, but is not the ideal, harmless 
drug of magic power and accuracy for simple catharsis or 
the treatment of colics which some writers would lead us 
to think. 



Pia. 2. —Farmstead and Buildings of a Lafige Grain Farm in Norman County, 
Northwestern Minnesota. 

In the foreground of thi« pkture a well-vonBlrucled etnh roar) with deep roaiiaidc ditches may 
be *itn, Koadside ditches, stmilar lo ihese, made wiih elKvatlng (traders and H'veislljle road 
machliiei, are tho most prarlical ditchea whicli CAh lp« conBltucl^ far Ihe dialning of large 
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Fig. 1. — Localities in which the statistics were obtained. 

This sketch map of Minnesota is given to show the location of communities in which statisticE 
concerning the cost of producing farm products and concerning the entire business of agriculturo 
have been collected by the Minnesota Agricultural Experiment Station in cooperation with the 
Bureau of Statistics of the U. S. Department of Agriculture. Grain farming is practiced almos 
exclusively at Halst^d, in Norman County, and grain is also the chief product of the farms at Mar- 
shal. , Lyon County, although corn, beef, and pork are also marketed to some extent. The agricul- 
ture at Northfleld, Rice County, is chiefly dairying, supplemented by the growing and marketing of 
oats and hogs. 
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BY WTLLET M. HAYS AND EDWARD C. PARKER. 



FARMING AS A BUSINESS. 

Industry in the United States has enjoyed and will continue to enjoy 
natural advantages that can not be duplicated in any other region of the 
earth. All classes of productive workers have shared in these natural 
advantages. Progress in mining, lumbering, manufacturing, railroad- 
ing, and agriculture has been rapid and comparatively easy in the 
United States because of the abundance and accessibility of the raw 
materials for production. American industries are leading the world 
to-day partly by reason of natural advantages, partly by reason of the 
American faculty for discovery and invention, and partly by reason of 
the American's application of system and organization to industry. 
American manufacturing, railroading, and merchandizing are con- 
ducted with a system and precision in management that is indeed won- 
derful. Waste from idle capital and idle labor is guarded against, 
the by-products are completely utilized, and the product created by 
each machine and each laborer is kept at a high standard by frequent 
tests. The evolution of manufacturing from the village mechanic's 
shop to the city factory has taken place in deference to system. 
Industrial combinations have taken place to more efficiently use capital, 
labor, and managing ability. System and efficient management are 
undoubtedly greater factors in the success of American manufactories 
and railroads than natural advantages. 

Although agriculture is the largest industry in the United States 
and is pursued by 35 per cent of our workers, it must be admitted by 
anyone who has closely observed the progress of agriculture that sys- 
tem and good business management are not as highly developed in 
agriculture as in our other great industries. The success and pros- 
perity of the American farmer are due to the unbounded fertility of 
the soils, the cheapness of farm lands, and the privilege of utilizing 
modern indentions in machinery rather than to systematic organiza- 
tion and efficient farm management. Appreciation in land values has 
not been met in most instances by a corresponding increase in the effi- 
ciency of farm managers. Land which bears a high rent is often 
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tilled by men whose managing ability is more in accord with cheap 
land than high-priced land, and as a result the actual productiveness 
of the land does not correspond with the theoretical productiveness as 
shown by the land values. In some instances a realization of this dis- 
crepancy between land values and actual productiveness leads men to 
sell the high-priced land and move to cheaper lands, where profits nia}- 
be secured with less managing ability. This apparent anomaly between 
rents and actual productiveness in some instances is caused by the 
pressure of population upon land, by land speculation, and a lack of 
realization, by the tiller of the soil, of the relation of rent to net 
profits. The man who has purchased land for $10 an acre is slow to 
realize that when land values have appreciated to $50 an acre the 
value of the product above the cost of production must be nearly five 
times as great to yield the same rate of profit. Fifteen bushels of 
wheat per acre at 70 cents per bushel on $10 land will return a profit 
of 60 per cent on the investment, but the profit is diminished to 6 per 
cent on the $50 land. (The cost of producing wheat is shown in Table 
XXXV.) The day of cheap productive lands is coming to a close in 
the United States. The possibility of disposing of high-priced lands 
in well-settled communities and purchasing equally productive land at 
a lower price in the West will soon be at an end. System and more 
eflScient management must enter the realm of agriculture if reason- 
able profits are to be extracted from the soil and its fertility be con- 
served for the use of future generations. 

The present systems of farm management oti large as well as on 
small farms devoted mainly to growing grain, or other special crops, 
create an acute demand for farm labor at special seasons of the year 
and little demand at other seasons. The demand for transient labor — 
always unsatisfactory — is thus augmented, or else t o farmer is put to 
the necessity of hiring men on long-time contracts, and keeping them 
partiall}^ unproductive at some seasons, in order to have labor available 
when the season of activit}^ begins. The cost of horse labor likewise 
is an enormous expense on the majority of western farms devoted to 
grain production. The average length of the working day for horses 
on Minnesota farms is shown by Table I to be little more than three 
hours, and Table VII shows the total cost of keeping one horse for a 
year to be $75 to $90. The cost of horse labor on an}^ farm operation 
can be materially reduced if the system of farm management provides 
regular work for the horses, for a horse can work an average through- 
out the year of five to eight hours a day with about the same cost of 
keep as he can work three hours. 
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Table I.— 



Hours worked per day by men and horses on staiisUoal routes ai Northfieldf 

MarshaU^ and Halstad^ Minnesota, 

[Averacre for three years, 190i, 1903, 1904.] 



Mouth. 



Northfield(Rice County), 



Daily. 



Man. Horse. 



January. (S.Ul 

February ' 6. 48 

March i 7. 59 

April... 9.67 

May 8.69 

June ! 9.22 

July 9.23 

August 9.79 

September 10.11 

October 9.67 

N >veniber 8. 94 

December 7. 17 



1.20 
1.22 
1.41 
4.47 
4.04 
3.49 
3. S3 
4.81 
4.18 
4.35 
3.11 
1.38 



Average 



o. u9 



3.08 



Sunday. 



Man. 



4. 
4. 
4. 
3. 
3. 
2. 
2. 
2. 
2. 
2. 



22 
16 
03 
71 
10 
82 
72 
6G 
79 
79 



3.43 
4.33 



Marshall (Lyon County), 



Daily. 



Man. Horse. 



5.80 
5.86 
7.00 
8.74 
9.46 
9.8G 
9.17 
10.04 
9.42 
9 23 
8.83 
6.62 



3.40 



8.29 



0.71 
0.77 
L59 
4.64 
5.02 
3.68 
3.50 
5.31 
5.13 
4.61 
3.40 
L13 



3.29 



Sunday. 



Man. 



60 
33 
12 
81 
48 
34 
2.16 
3.04 
2.55 
2.60 
3.21 
3.38 



Halatad (Norttian 
County) . 



Daily. 



Man. Horse. 



4.69 
5.82 
5.83 
6.36 
8.90 
8.14 
9.30 
9.67 
9.' 07 
9.05 
7.42 
5.45 



0.85 
1.02 
LOl 
1.86 
5.ftl 
3.88 
8.72 
6.27 
6.97 
6.81 
2.95 
0.90 



Sunday. 



Man. 



2.89 



7.43 



3.30 



2.57 
2.63 
2.63 
2.21 
2.14 
1.94 
1.96 
1.92 
L99 
1.93 
2.17 
2.84 

2.19 



Note. — These figures are compiled and averaged from eight to fifteen farms on 
each route and include the work of hired laborers, resident laborers of all ages, and 
all horses kept on the farms as work horses. The figures in the daily column are 
avriraged for 313 working days in the year, no account being taken of holidays. The 
member cf hours worked by the horses seems exceedingly small; but it should be 
remembered that under ordinary methods of farm management farm horses are idle 
a considerable portion of the year, and that the farmer, in order to have the use of a 
numl>er of good teams in seeding and in harvest, is obliged to feed and maintain 
them through the entire year. 

Concentration in farming by managing tlie lands in large estates 
would result in a more systematic organization of some features of 
farm production. The values consumed in farm machinery, for 
example, can undoubtedly be decreased under extensive farming con- 
ditions, and transient labor also can be more easily employed and 
more effectively utilized. 

While consolidation of farm lands under a few managers having 
exceptional ability would undoubtedly have many advantages in fur- 
thering system and efficient use of capital and labor on farms, the 
disadvantages in such a system must not be overlooked. The creation 
of large estates would tend to create a large wage-earning or peasant- 
like labor class, and to greatly disorganize the development of good 
American citizens in the independent home on the farm of family size. 
It is a question, also, whether the fertility of the soil can be conserved 
as well under "large estate" farming as under a system where a small 
piece of land is under the supervision of a man who will care for the 
soil and husband its strength because of an innate love for the land 
which makes his home and is to be the home of his children. 

And yet it must be admitted that, under our present methods of 
farm management in the Middle West, a majority of the farms of 
medium size are not as well planned nor as well managed to yield good 



12 



THE COST OF -PBODUOINO FABM PRODUCTS. 



profits at the least expense of capital, labor, and fertility as are the 
large farms superintended by men of unusual business ability. Waste 
of machinery and other capital, waste of labor, and waste of fertilitj' 
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The land id worth 975 an acre, and is 
50 miles from city markets. The soil is 
a light clay loam. Dent corn is ea^ly 
matured in this section of Minnesota. 
Areas within the dotted, lines need 
drainage, although they can be culti- 
vated in dry years. The produjt?* mar- 
keted are oats, milk, and pork. Fourteen 
cows are kept, twenty-five head of young 
stock, eight horses, four brood ssows. and 
fifty chickens. The owner rarely looks 
more than one or two yt^,^3 ahead in 
deciding upon the crops to be grown. 
No systematic scheme of cropping is fol- 
lowed under which each crop has the 
land prepared for it by the previous 
crop; under which weeds are cheaply 
kept m subjection; under which Inbor 
requirements are distributed econom- 
ically throughout the year, and the 
maximum of profit from crxips and live 
stock 18 secured at the least expense 
and with an increase rather than a 
decrease in the fertility of the land. 



Fig. 2.— a typical 200-acre farm in southeastern Minnesota. 



are conspicuous features of the agriculture of the Middle West. The 
settler has sacrificed soil fertility and great values of farm machinery 
in order to obtain quick profits and ready cash, and then as the country 
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has grown older he has neglected to remodel his business to meet the 
new and changed conditions. It is not idle prophecy to sound this 
warning, that, unless the next generation which tills the soils of the 
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Two systematic rotations are permanently 
projected, beginning: with the year 1909. Dur- 
mg the tran»tion years tne low ^pot.s in the 
fields have been drained, fields readjasted in 
order to equalize their size, and fields D and £ 
seeded down. The arabie land i.^ divided into 
five large fields, A, B, C, D, and E, and three 
small fields, L, M, and N, adjoining the farm- 
stead. A five-course rotation planned for the 
five large fields provides eich year approxi- 
mately thirty-four acres (f corn, Hxty-eight 
acres of oats, thirty-four acres cf hay, and 
thirty-Jour acres of pasture. The crops are 
arranged in the followingsequence: First year, 
com; second year, oatH; third year, oats (seeded 
to clover and timothy); fourth yjar, meadow; 
fifth year pasture (manured during winter pre- 
ceding corn). A three-year rotation planned 
for the small fields, L, M, and N, adjoining 
the farmstead, provides annually for about 
three acres fodder corn (rape sown at last 
cultivation for fall pasture), three acres barley 
(seeded to clover), and three acres of clover to 
be used as hog pasture. 

In the five-course rotation on the large fields 
the timothy and clover sod, when well plowed 
in the fall, m.mured during tho winter, and 
disked in the spring, givesexeellentconditionH 
lor the com crop. The corn stubble, if well 
disked and harrowed, will provide a good 
seed bed for oats, and, if the oat-stubble land 
be early fall-plowed medium deep, excellent 
conditions m ill be given < n this soil for a sec- 
ond crop of oats. Clover and timothy can be 
successfully 8f>wn with this second crop of 
oats, especially if the oat stubble be plowed 
early so as to becom^i compacted. aKhjugh 
spring wheat and barley are generally con- 
sidered better nurse crops than oats. The suc- 
ceeding clover un<l gras>i crops enrich the land 
for the crop of corn th'it is to follow. Corn on 
the sod land is preferable to oats in this re^rion, 
owing to the liability of the oat crops to lodge 
on the rich pasture sod. 

In the three-course rotation on the small 
field? the fodder corn is to be heavily manured, 
the corn stubble disked for barley, and clover 
sown with the barley will provide excellent 
hog pasture the third year. 

The amount and distribution of labor in- 
volved in a systematic rotation of this kind, 
ascomfmred with a haphnzard system, are as 
worthy of consideration as the efifect of sys- 
tematic and unsystematic cropping on soil 
fertility. 'Ihe expen'^e of plcwmg, for ex- 
ample, is reouired only twice in ih-; five-course 
rotation ana once in the three-course rotation. 
Libor also is better distributed throughout the 
entire year, and the demand for seeding and 
harvest help is not so intense as in "one-crop" 
farming. 

Catch crops, such as fodder com and millet, 
can be sown, if the occasion demands, but 
where timothy and clover are sown together 
in a firm, well-compacted /eed bed failure to 
secure a good stand is most unu>ual. 

All the fields are eveiUually to be fenced so 
that rape may be sown with the corn and with 
the oats, and sheep and young stock turned 
out on the stubble fields for fall pnsture. 

The rotationsoutllned contemplate a general 
system of diversified farming m which Mrain, 
milk, and pork are th*^ chief products and 

sheep, poultry, and fruit the minor products. The prt>ducts of these rotations would support more 
stock than was carried under the old system and produce as much or more grain for market. 

Middle West puts the fields under systematic crop rotation and better 
systems of farm management, fertilizer problems such as now con- 
front the East and the South will have to be m^t before many decades. 
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FiQ. 3.— The same farm shown in fig. 2, replanned. 
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On the other hand, if the proper physical conditions for soil decom- 
position are maintained by systematic crop rotations and intelligent 
methods of farm management, the producing capacity of the prairie 
soils can be maintained indefinitely. Land on which crops are rotated 
systematically demands more intelligent methods of field management, 
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Fig. 4.— a quarter section farm in southeastern Minnesota located on the bottom lands 

of an old river. 

Distance from city markets is 50 miles. The soil is a sandy loam, easily worked and easily drained. 
Dent corn thrives luxuriantly on these bottom lands and is easily matured. Improved land is worth 
$75 an acre. Areas within the dotted lines need drainage and can be cheaply drained to the creek 
flpwing through the farm. The products marketed are oats, milk, and corn. Twenty cows are kept, 
fljteen head or young Scock, ten horses, and one hundred and fifty chickens. Thirty-flve ncres are in 
permanent pasture, and this land is too rough to be put into rotation with the arable fields. No sys- 
tematic scheme of cropping is followed, nlthouph more corn nnd clover are grown than on tne 
average farm in the s ime county. The farm is stocked as heavily as it will stand as long as grain is 
to be part of the market product. 

more intelligent use of live stock, machinery, and other capital and 
labor. All these are corollaries of crop rotation, and the result of sys- 
tematic crop rotation must always be increasing profits due to greater 
productiveness in the soil, more efi'ective employment of capital and 
labor, and sounder business methods. The intensive systems of farm- 
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ing practiced near the great cities of the eastern part of the United 
States, where grain and mill feeds are shipped in from the West, can 
not be extended to a majority of the farms in the United States. Such 
systems of farming can only be practiced at the expense of the fer- 
tility in other agricultural regions from which concentrated feed stuffs 




a 



.47 A 



PERMANENT PASTURI 

35.27 A. 



|_ ROOTS ^ 

n^*f ODDER CORI^ 
04A. HOG PASTURE 



FARMSTEAD 

3.85 A. 



FODDER CORN 
HOG PASTURE 



2.24 A. ROOTS 



K06 PASTURE 
ROOTS 
2.I9A.F0P0ERC0RN 



1908 

8909 
1910 
1911 
1912 



CORN 

OATS 

CLOVER 

OATS 

BARLEY 



A 

23.57A. 



1908 

1909 
1910 
8911 
1912 



OATS 

CLOVER 

OATS 

BARLEY 

CORN 



22.00A. 



8908 

1909 

1910 

8911 

1912 



CLOVER 

OATS 

BARLEY 

CORN 

OATS 



c 

23.02A. 



8908 

1909 

8910 

8911 

1912 



OATS 

BARLEY 

CORN 

OATS 

CLOVER 



D 

22.52 A. 



1908 

1909 
1910 
1911 
1912 



BARLEY 

CORN 

OATS 

CLOVER 

OATS 



e 

22.52 A. 



Fig. 5.— The same farm shown in fig. 4, replanned. 

The arable land has been placed under systematic rotations permanently projected, beginning 
with the year 1908. In preceding years the low spots have been drained, field C seeded down In 1907, 
and the outside lines of the faim permanently fenced. The small fields adjoining the farmstead 
have been fenced with hog fencing. 

The five-course rotation on the five large fields, A, B, C, D, and E, provides each year approximately 
twt-nty-twoacresof corn, forty-four acres of oats, twenty-two acres of barley, and twenty-two acres 
of clover meadow. The crops are arranged in the following sequence: First year, corn (manured); 
second year, oats (seeded down); third year, clover; fourth year, oats; and fifth year, barley. Corn, 
flax, or wheat instead of the oats could be grown, following the clover sod, as a market crop if desired. 
Oats are placed on the sod land because they are the chiet market crop in this region and can be 
grown successfully on the light clover sod if desired. 

The three-course rotation of small fields L, M, and N provides two acres for fodder com each year, 
two acres for annual hog i)asture, and two acres for root crops such as potatoes and mangels. These 
crops are arranged in the following sequence: First year, fodder corn; second year, annual hog pas- 
ture; third year, roots. The land in the five-course rotation would have to be plowed three times in 
five years and the small fields twice in three years. 

The cattle and other stock may be allowed to pasture over the entire farm as soon as the com crop 
is harvested. 

While this rotation can not be considered as nearly ideal as those outlined in figures 3 and 7, i* is 
eminently practical and fits in well with the requirements of a larm having a permanent pastu e. 
The live stock will produce enough manure to give each Held a good dressing once in five years, and 
the manure with one crop of clover in five years will undoubtedly keep the soil in a good state of 
fortuity. 
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are purchased, and they are therefore undesirable for the majority of 
American farms. 

Systematizing farm management, — In figs. 2, 4, 6, and 8 are shown 
the survey maps of four Minnesota farms from which statistics have 
been gathered during the past four years, with the present methods 
of cropping and field management outlined. Figs. 3, 5, 7, and 9 show 
the possibilities in replanning and reorganizing these same farms to 
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Fig. 6. — A 200-acre farm in southwestern Minnesota. 

Improved land is worth $55 to 863 per acre. Distance from city markets, 200 miles. The soil Is a 
clay loam, very retentive. Areas wittiin the dotted lines need drainage. Dent corn matures easily 
and is extensively grown. Wheat, flax, and other cereals form the chief market pr«iducts of the 
farm, although beef and pork are also produced. Eight cows are kept, ten head of young cattle, ten 
horses, two brood fows, one hundred and twenty-five chickens, and fifteen to twenty steers, mostly 
purchased, are fattened each year on corn. 

No systematic scheme of cropping ia followed, and clovers and tame grasses have never been grown 
on the farm except in permanent pastures. 

secure S3^stematic crop rotation on the fields, and a more systematic 
farm business. The planning and reorganizing of an old farm can not 
always be done in the course of a year or two without disrupting 
the business. Reorganization must usually be gradual to be practical. 
Drainage and fencing must be accomplished, and hay and pasture 
lands seeded down without serious inconvenience. If reorganization 
be gradual, drainage, fencing, etc., can be accomplished with small 
outlays of cash. 
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The maps shown in figs. 2 to 9, inclusive, with the suggested rota- 
tions and more businesslike methods of farm management, are pre- 
sented in this bulletin merely to show the lack of business system that 
too often prevails in the methods of farming on the high-priced lands 
of the Middle West. The practicability of reorganizing farms and 
putting them on a more businesslike basis by the methods herein 
suggested will be reported upon later. 
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Fig. 7. — The same farm shown in fig. 6, re^lanned. 

The arable fields have been placed under systematic rotations permanently projected, beginning: 
witli the year 1909. In the preparatory years the lowlands of the farm have been drained, fields i) 
and E needed down, and fields D, E, L, M, and N fenced. 

The five-course rotation on the five large fields A, B, C, D, and E provides each year approximately 
thirty-six acres of corn, eighteen acres of oats, eighteen acres of barley, thirty-six acres of wheat, 
thirty-six acres of hay land, and thirty-six acres of pasture. The crops are arranged in the following 
sequence: First year' corn; second year, oats and barley; third ye.ir, wheat (seeded down); fourth 
year, timothy and clover; and fifth year, pasture (manured). 

The three-course rotation of small fields L, M, and N provides each year approximately three acres 
of barley, three acres of clover, and three acres of root crops. These crops are arranged in the fol- 
lowing j^equence: First year, barley (seeded down); second year, clover (hog pasture); third year, 
roots (manured). 

Fields in the five-course rotation will have to be plowed twice in five years and fields in the three- 
course rotation twice in three years. 

This farm is well adapted to the outlined rotation. The farm is naturally divided into five large 
fields, with fifteen acres of land for farmstead, pasture lots, etc. The rotation is exceedingly flexible, 
and will support the present amount of stock on the farm, allow ng nearly two-fifths of the products 
to be marketed d.rectly, or nearly double the present amount of sto(*k could be carried by growing 
more feed grains and fodder corn in place of the market grains and ear corn. 

The growth of clover and tame grasses on the heavy soils typified by the soil of this farm would bo 
of immense benefit in improving the physical texture of the soil, making the soil more friable and 
better drained. 
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20 THE COST OF PRODUCING FARM PRODUCTS. 

THE NEED POB STATISTICS CONCEBNING THE BUSINESS OF 

FABMING. 

In the study of crop rotation and farm management there is great 
need for statistical litex'ature concerning agriculture. The exact cost 
of producing farm products, the capital required for various tj^pes of 
agriculture, the net profit in various tj^pes of agriculture, the cost of 
man and horse labor on farms, and many other important basic facts 
are as yet unknown to a majority of farmers and even to the technical 
agricultuml workers and investigators. Occasionally the farmer who 
is a close student of agriculture has worked out a few statistics con- 
cerning agricultural production, but exact data on the general business 
of farming are wanting. 

Agricultural investigators naturally have attacked those problems 
first which were easier solved with the means at hand and which would 
easily yield results. Beginners in experimental work, as in business, 
are anxious to follow lines which will bring ''quick returns." The 
problems of farm management have been deemed so complex that few 
experimenters have as yet entered this field, and the general facts of 
farm management. and of the management of the farm home have been 
little investigated. The parts of the farm have been studied, but the 
farm as a whole has received but little attention. While methods have 
been devised for investigating the soil, the plant, and the animal, little 
effort has been given to devising ways of studying the general farm 
plan and the farm business. The relation of one part of the farm to 
another and the relation of the farm to the markets and to other 
industries have not been brought under scientific investigation. The 
facts derived from detailed investigations concerning the soils, plants, 
and animals are of great importance, but they are useful only as the 
farmer's training enables him to make proper use of these facts. A 
literature must be created based on facts which are largely yet to be 
worked out and illustrated by many successful plans of reorganized 
farms, and the pedagogics of farm management must be so developed 
and simplified that this subject may be taught in all farmers' schools. 
Experience with agricultural high school classes, in teaching farm 
management to young men who are to return to the farm, has demon- 
strated that this line of instruction can be made very practical and can 
be given a very high degree of educational value. As more results of 
investigation become available the teaching of farm management can 
be placed on an educational footing comparable with the teaching of 
other engineering subjects. Studies in farm management, as soon as 
they are better worked out, can be adapted to instruction in the con- 
solidated rural school, as well as to classes in the agricultural high 
school and in the collegiate course in agriculture. It is of interest to 
find that such practical studies as farm management may be so devel 
oped as to have quite as high value in giving clearness of thought. 
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power of concentration, and zest for learning as the most highly 
developed academic studies. To organize a general effort to investi- 
gate the subject of farm management, and to carry to all farms the 
results of such investigations in a form that will be found useful, is a 
large undertaking. The long-continued efforts required for the neces- 
sary experiments with plans of crop rotation and of fertilizer require- 
ments, and with cultural methods, for investigation to determine the 
cost of production of crops and live stock, and for the work of com- 
paring one system of farming with another, make the work both 
tedious and difficult. 

RELATION OF STATISTICS ON THE COST OF PBODUdNG FARM 
PRODUCTS TO THE STT7DY OF CROP ROTATION AND FARBC MAN- 
AGEMENT. 

Experiments in the rotation of crops begun nearly fifteen years ago 
by^ the Minnesota and North Dakota agricultural experiment stations 
led to the investigation of the cost of producing each crop and each 
kind of live-stock product. In order to determine the values of cer- 
tain arrangements or rotations of field crops, it is necessary that the 
cost of production be known. 

Rotation values through a series of years should be measured in net 
profits (see note under Table XIII). By recording the gross product 
of various S3^stems of rotation through a series of years, and then 
deducting from the value of this product, for the respective systems, 
the cost of producing the various crops that enter into the rotation, 
the net profit from the rotation may be determined and the average 
annual profits compared from the various systems. In the study of 
crop rotation the main index of comparative value between various 
systems of rotation is net profit averaged through a long series of 
years. 

The study of the physical and chemical condition of soils subjected 
to various systems of crop rotation is of secondary importance to the 
main index of value, ''net profit," but is useful in that it aids in 
explaining the reasons for the profits which have been secured by the 
various schemes of cropping. The final test of rotation values is net 
profit, because that arrangement or succession of crops which yields 
the largest net profit in cash through a long term of years is the rota- 
tion which has kept the soil in the best chemical and physical condition 
and is best adapted to its environment of soil, climate, and markets. 

From the standpoint of agricultural economics the study of crop 
rotation and cost of producing field crops should be accurately carried 
out in their relation to the law of diminishing returns — that cost of 
production beyond which increasing applications of capital and labor 
fail to yield a proportionate return. What amount of labor and 
machinery values can be applied to the soil that will yield the greatest 
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proportional profit? Would a $10 application of labor and capital to 
an acre of land yield a greater proportional profit in wheat than the 
average application of $6? And would an application of $15 per acre 
yield a larger proportional profit in corn than the average application 
of $10? Deductions from long-time investigations of this sort would 
undoubtedly be of practical value in the business of farming. 

Cost of production and market conditions are the basis from which 
all study of methods should be made in agriculture as well as in other 
industries. Knowing these facts, the adaptability of various crops to 
economic production on various soils and in various climates may be 
ascertained. The difference between the cost of producing a crop and 
the value of the gross product indicates to the practical farmer the 
correctness or incorrectness of his methods as well as the adaptability 
of the crop to his soil and to his needs. The same method of analysis 
holds true in the production of beef, pork, and milk. Could every 
hog feeder know in figures the exact cost of producing a pound of 
pork with clover pastures, barley, and shorts, as compared with dry 
feeding in pens, it is a safe prophecy to make that there would be 
more money made in hogs than is now being made. Many problems 
in crop and live-stock management should be solved from the cost of 
production standpoint. 

FIELD METHODS EMPLOYED IN COLLECTING STATISTICS CON- 

CEBNINO THE BUSINESS OF FARMING. 

The investigations into the cost of growing crops and of producing 
live stock were begun in 1893 at the North Dakota Agricultural Ex- 
periment Station. The college farm of 640 acres was divided into 
rectangular fenced fields on which the labor and other items of cost 
for each crop were recorded daily. While it was soon found that the 
cost per acre of growing crops on an experiment farm was highei- 
than on private farms, because of greater care and because of experi- 
ments in progress, this work suggested a plan of securing the data of 
the normal cost of production from farms that were being worked for 
profit. 

On January 1, 1902, the Bureau of Statistics of the U. S. Depart- 
ment of Agriculture joined in cooperation with the division of agri- 
culture of the Minnesota Agricultural Experiment Station to gather 
data from Minnesota farms on the cost of producing field crops and 
live-stock products. The expense was shared about equally, and the 
work was directed from the Minnesota Agricultural Experiment Sta- 
tion. Three young men, students of the Minnesota College of Agri- 
culture, were employed as route statisticians^ and three statistical routes 
were established: one in southeastern Minnesota, in Rice County, near 
Northfield; another in southwestern Minnesota, in Lyon County, near 
Marshall; and another in northwestern Minnesota, in Norman County, 
near Halstad. Fifteen farmers on each route, chosen as farm-statistic^ 
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(ioojjeratom^ agreed to be interviewed daily throughout the entire year 
by the route statisticians, giving a record of each hour of labor per- 
formed by each man and by each horse, and giving the field crop or 
other enterprise upon which the labor was used. A map, based upon 
accurate measurements of each field, was made of each farm, that the 
data might be so collected and classified as to show the cost per acre 
for each crop, on each farm, also the average for each route and for 
the State. 

At the beginning and close of each 3^ear complete inventories were 
taken of all live stock, machinery, feeds, etc., and during the year 
all cash items were secured which had to do with the receipts and 
expenditures on field crops, machineiT, horses, and labor. During 
the years 1902 and 1908 very few data were secured except those 
which related to crop production, after which the data were extended 
to live stock and other affairs of the farm and the farm home. The 
Krst two years' work was in a way experimental. Methods for col- 
lecting and recording the statistics had to be devised, and man}^ diffi- 
cult problems, like finding the exact rate of wages per hour for men 
and horses, were not worked out by the most exact methods until the 
second year. 

In 1904 some departure was made from the plan first inaugurated. 
The number of farms on each route was reduced from fifteen to eight. 
The scope of the investigations was extended along many lines, as 
With live stock and household affairs. The route statisticians no 
longer board with one family as they did the first two years, but live 
at each of the eight farms three days each month, maintaining an 
office room at one of the farms. All the farms on the route are visited 
each day, however, to obtain the labor record for the previous day. 
The route statisticians assist in doing the chores, and, with a simple 
equipment, record for these three days — thirty-six days at each farm 
during the year — the amount of feed stuffs used by each group of 
animals, and the yield of milk and the per cent of butter fat from each 
cow in the herd. Practically no changes were made during these 
three years in the methods of farm management previously in vogue. 

The feeding records and yields of products thus obtained are 
reduced to a daily average and multiplied into the number of days in 
the month, thus giving the approximate record for the entire month. 
Dates are recorded when changes of rations are made or when cows 
are freshened or dried up, and corrections are made at the close of the 
month. The route statisticians also secure an accurate record of the 
time required to feed and care for each class of live stock. A printed 
card is left in every house each month on which the women of the 
family record the number of eggs laid by the poultry, the number of 
eggs consumed by the family, and the pouj^ds of milk, butter, poul- 
try, and other kinds of farm produce consumed. 
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A complete cash account is kept on each farm, and this record of 
receipts and expenditures, together with labor records, feeding records, 
etc. , is mailed to the experiment station each month, where the various 
figures are posted into a double-entry set of books for each farm. 

The route statistician keeps a history card for each field and each 
live-stock enterprise on the farm. The field histories are useful in 
keeping a record of the methods of rotation, soil preparation, planting, 
and harvesting used by the farmer, and other data concerning the crops. 
Histories of live-stock enterprises are useful in that they may be used 
to record explanatory notes and data supplementary to the ledger 
accounts. 

By living with each family on the route three days in the month 
the rc/ute statistician gets in close touch with the farmer and is thus 
enabled to secure accurate data along the desired lines. 

The farmers especially appreciate having the milk of each cow 
tested monthly, and having a record given them each year of the 
amount of butter fat produced by each cow, the total value of her 
product, and the cost of her feed. In 1905 eight wagon scales were 
purchased by the U. S. Department of Agriculture and placed on the 
Northfield route in order to assist in securing more accurate information 
concerning crop ^delds and the growth of live stock. 

The compass of this bulletin does not permit detailed discussions of 
more than a part of the data secured, hence in future pages little is 
mentioned besides data concerning the cost of producing field crops. 

METHODS EMPLOYED IN COMPILING STATISTICS ON THE COST 

OF PRODUCING FIELD CROPS. 

The compilation of the data from the statistical routes has been quite 
as much a problem as gathering the facts from the farmers. In the 
system of records first devised large ledger sheets were used, but this 
method has been supplanted b}^ a vertical, loose-leaf filing system that 
is much simpler and more comprelieiisive than the original method. 
During the growth of the work several practical methods for keeping 
farm accounts have been devised that are simple enough to be used by 
any man of average intelligence. Data from one farm for two years 
have been used as the basis for a manual on farm bookkeeping in use 
at the Minnesota School of Agriculture. 

COST PER ACRE AS A BASIS FOR STUDYING COST OF PRODUCTION. 

Cost per acre has been made the basis for studying cost of producing 
field crops rather than cost per bushel or cost per ton. Cost per 
bushel or per ton varies so greatly with yield that such figures mean 
little except as long-time averages of yield are obtained. As a general 
rule the cost of producing a 20-bushel crop of wheat, for example, will 
vary but little from the cost of producing a 10-bushel crop, and this 
little difference will occur mainly in harvesting and thrashing. This 



Fia 1.— The Route Statistician Collectinq his Daily Labor Report from a 
Fabmeb who is a Cooperator with the Bureau of Statistics and the 
Minnesota Agricultural Experiment Station in Studying the Cost of 
Producing Farm Products. 



Pia. 2.— A Prairie Farmstead on the Marshall Route in Southwestern Minne- 
sota WHICH Illustrates the Possibiuties in Growinq Wind-breaks and Wood 
Lots on the Open Prairie 
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does not mean that yield can not be made to vary with cost of produc- 
tion, but that yield varies greatly through the changes in climatic con- 
ditions when land is given the same preparation in successive seasons. 
Average yields for three years are published with the tables, and cost 
of production per unit of product can be figured, if desired, but a 
longer period than three years would be necessary to obtain aver- 
age yields upon which safe conclusions could be based. In some 
cases, on Minnesota farms, higher yields than those secured on those 
farms from which statistics were collected are obtained by a more 
thorough tillage of the soil, thus increasing the cost of production; 
but on the other hand, when diversified farming is practiced, the ^^ields 
are greater, not because of a higher cost of production, but on account 
of the more productive condition of the soil, freedom from foul 
weeds, etc. 

Many items which make up the total cost of producing a crop need 
explanation; otherwise the statistics given in this bulletin can not be 
properly interpreted. The classification of farm labor, the rates of 
wages per hour for men and horses, the cost of board per month per 
man, the values per acre of farm machinery consumed, and the rental 
value of the land are all special problems in statistical research that 
need explanation. 

THE CASH VALUE OF MAN AND HORSE LABOR ON FARMS. ; 

In 1902 no attempt was made to classify the farm labor any furtner 
than into man labor, boy labor, and horse labor. The wages paid to 
men and boys were recorded, and an attempt was made to estimate ths 
amount of hay and grain consumed by the horses. At the close of 
that year the rate of wages per hour for man labor was determined by 
adding the yearly wages for a hired man to the cost of his board 
(estimated at $10 per month), and dividing this sum by the average 
number of hours worked during the 3"ear by each man. Cost per hour 
of boy labor was figured by the same process; and rates per hour for 
horse labor were ascertained by adding the estimated cost of feed, the 
labor cost of care, cost of shoeing, interest on investment, and depre- 
ciation, and dividing this sum by the average number of hours worked 
during the year by each horse. 

Man labor in 1902 was found by this process to be. worth 12^ cents 
per hour, boy labor 7i cents, and horse labor 7i cents. All labor in 
1902 was converted into terms of cash by using these rates, with the 
exception of thrashing* labor, which was figured at harvest wages. 
These methods were unsatisfactory, because they were not absolutely 

exact. 

Since the beginning of 1903 the labor has been classified, and the 
rates of wages per hour determined by the methods illustrated in 
Tables II to VIL 
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Table II. — Labor record used on sfxitisticcU routes to classify farm labor. 

DAILY LABOR REPORT OP HENRY JONES, MARSHALL ROUTE, APRIL, 1904. 



Labor (itemized). 



April 15: 

Cleaning seed whent 

HRUling manure, held C 

April Ki: 

tfeeling wheat, f iid B.. 

Set'ding oats, hej.l A 

Harrowing tieic B 

Apxil 17: 

Seeding oats, fieid A 

Harrowins' field A 

Harrowing, Jeld B 

April 18: 

Fencing, field P 

Hauling manure, field C 



Num- 
ber of 
men. 



2 
1 

1 
1 
1 

1 
1 
1 

2 
1 



Num- 
ber of 
horses. 



4 
3 

4 

4 
4 

2 

2 
2 



Hours. 



Day 
labor. 



10 



10 



10 



10 



Rate 
labor. 



6 



9 
10 



Other 
labor. 



6 
9 



8 



Horse 
labor. 



10 



20 

36 
27 
40 

32 
86 
20 

20 
20 



Note. — A labor report for four days during April from one farm. All hours of man 
and horse labor are recorded in terms of one man and one horse. **Day labor" is 
labor hired and paid by the day, and must be separated from other farm labor 
because of the higher rate usually paid for it. **Rate labor" is the labor of the hired 
men who are working by the month or season. To determine the cash value per 
hour of all farm labor except day labor one or more regular hired laborers are 
^' 3cted on each farm, the hours of labor kept separate from the other workers, as 
in the columns for rate labor, and the total number of hours worked during the 
month is transferred to a rate-of- wages card, as shown in Table III. "Other labor" 
is all farm labor not classed as day labor or rate labur, including the labor of pro- 
prietors and boys. Boy labor is converted into terms of man labor by the route 
statistician and entered in the column for ** other labor." Whenever a boy does a 
man's work he is given full time; otherwise his hours of labor: are scaled down to 
the equivalent of man hours. 

Table III. — Method for determining rate of wages per hour for all farm labor except day 

help. 

NORTHFIELD ROUTE, MONTH OF AUGUST, 1304. 



Owner of farm. 



John Jones 

Geo. Marjih 

Fred Jenks 

Jas. Woodward... 
Chas. Underwood 
Oscar Nelson 



Total 



Name of laborer. 



James Cheney 
Peter Johnson 
Tim McClure . 
Ole Peterson.. 
Hans Schmidt 
Edw. Jensen.. 



Hours. 


Wages. 


Board. 


Total 
cost. 


273 

296i 

321 

255i 

272i 

81U 


825 
20 
26 
25 
25 
25 


$10 
10 
IJ 
10 
10 
10 


$35 
30 
36 
35 
3) 
35 


1,735 


146 


GO 


2J6 



Rate 

per 

hour. 



•0.119 



NORTHFIELD ROUTE, MONTH OF DECEMBER, 1904. 



John Jones 

Geo. Marsh 

Fred .lenk«^ 

JrtS. Woodward... 
('has. Underwood 
Oscar Nelson 



Total 



Jamc* Cheney 
]*eter John on 
Tim McClure . 
Ole Peterson.. 
Hans Schmidt 
Edw. Jensen.. 



222 


$12 


$10 


$22 


316^ 


15 


10 


25 


221 


13 


10 


23 


148^ 


13 


10 


23 


14U 


13 


10 


23 


213 


13 


10 


23 


1,2624 


79 


60 


139 



•0.110 



Note. — Each month the hours of labor from at least six regular hired men (hired 
by the mouth or season) on the route are transferred to this card from the daily 
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labor reports (Table II). The amounts of their waj?eg and the cost of their board 
are also recorded. The total cost to the farm manager of keeping a hired man la 
represented by the wages paid in cash and the cost of his board. Dividing this sam 
by the total num^)er of hours the man worked during the month gives the rate oi 
wages per hour. The totals from this card are transferred each month to a summary 
shown in Table IV. * 

Table IV. — Summary of the rates of wages^ by months, for all farms on the Northfieldm 

Marshall^ and Halstad routes for 1904* 

i 

NORTHFIELD ROUTE, 1904. 



Month. 



January. • ■ 
February . 

March 

April 

May 

June 

July 

Aujfust 

September 
October . . . 
November 
December. 



Number 
of men. 


Hours. 


Wages. 


• 
Board. 


Total 
cost. 


8 


741 


$43.50 


$30 


C73.50 


3 


749 


43.50 


3D 


73.50 


3 


89 i 


43.50 


30 


73. fO 


3 


96) 


75.00 


30 


106 00 


5 


1,482 


126. CO 


60 


176 CO 


6 


l,f,06 


146. CO 


60 


206 00 


5 


1,251 


126.00 


50 


l7d.C0 


6 


1,73) 


146.10 


. 6} 


206 00 


6 


1,802 


151. CO 


6J 


211.00 


6 


1,657 


151.00 


. GO 


211. CO 


6 


1,583 


151.00 


60 


211.00 


6 


l,262i 


79.00 


60 


139. CO 



Rate! per 
hoisir 



•0.009 
.098 
.089 
.109 
.119 
.137 
.141 
.119 
.117 
.187 
.133 

.no 



MARSHALL ROUTE, 1904. 



January. . 
February 
March ... 

April 

May 

June 

July 



August 

September 
October . . . 
November 
December. 



4 
4 
3 
3 
5 

^ 

o 
5 
6 
5 
5 
5 
5 



852 


f5} 


m 


»94 


800 


50 


44 


94 


810 


42 


33 


76 


89D 


80 


33 


113 


1,625 


129 


55 


184 


1,518 


132 


55 


187 


1,395 


145 


55 


200 


1,480 


150 


55 


205 


1,166 


146 


55 


2C0 


1,377 


i:o 


55 


195 


1,280 


111 


55 


166 


1,065 


66 


55 


120 



S0.110 
.117 
.093 
.137 
.113 
.123 
.143 
.139 
.136 
.148 
.130 
.113 



HALSTAD ROUTE, 1904. 



January... 

Februarj'" . 

March 

April 

May 

June 

July 

Augu&t 

September 
October . . . 
November 
Djcember. 






l,045i 


$60.00 


$50.00 


$110.00 


5 


l,018i 


60.00 


50.00 


110.00 


5 


l,315i 


60.00 


50.00 


110.00 


4 


1,103 


100.00 


44.26 


144.25 


8 


2,3564 


197.00 


92.18 


289. 18 


3 


2.254 


197.00 


92. 18 


289.18 


8 


2,374 


202. 00 


92. 18 


294. 18 


8 


2, 176} 


188.00 


77.98 


265.98 


8 


2,096i 


199.00 


81. 6i 


280.62 


7 


2,040i 


177.00 


?3.78 


250 78 


6 


1,817 


141.36 


60.8*? 


202. 10 


' 


1,083 


65.00 


53i68 


118.68 



$0,105 
.108 
.083 
.131 
.183 
.188 
.184 
.188 
.134 
.183 
.185 
.110 



Note. — These tables exhibit, in concise form, the rates of wages per hour, by 
months, as determined by the methods shown in Table 111. It is thought wiser to 
establish a rate of wages per hour from averages on each route than to try to deter- 
mine a rate for each individual farm. Some farms are worked by proprietors, boys, 
and other labor, for which no cash outlay is made, and yet, in determining cost of 
production and net profit, labor must be converted into terms of cash. An average 
rate per hour, determined from hired men working on a number of farms in the 
same locality, seems to overcome this difficulty in the most feasible manner. 
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Table V. — Day labor clarified and rates per hour determined by montlis and by erderprises. 

FARM OP WILLIAM CURTIS, HALSTAD ROUTE, 1904. 





Marketing 
wheat. 


Seed ing 
wheat. 


Harrowing 
wheat. 


Building 
barn. 


Stacking 
barJey. 


Shocking 
wheat. 


Thrashing 
wheat. 


• 

i 


Stacking 

wlieat 

1 


Total. 






Month. 


Hours. 


Wages. 


Board. 


Rate 

per 

hour. 


January 


22i 










22i 


$1.75 


»1.40 


$0.14^ 


February . . . 
















March 
























April 




1 




















May 




34 


28 












62 


6. CO 


2.80 
10.80 

7.47 

5.33 
.75 


.143 


June 




186 
70 










186 


1 




July 
















70 \ ^^-"^ 
mi [39.00 


.237 


Auguht 








10 


4H 
33 










September. . 














lOli 


.246 


October 












152 




152 
20 


27.00 
3.00 


.213 


November.. 














2D 




.187 


December . . 












1 
















1 















Note. — To determine the cash value of the amounts of day labor employed on 
various enterprises, hours of labor by day help are transferred to the above card 
each month from the labor record (Table II) and classified by operations and by 
enterprises. Wages and cost of board are also recorded and the rate of wages per 
hour determined for the various enterprises. 

Table VI. — Method of obtaining cost of board per month per nian. 

Farm No. 1, Northfield Route, 1905. 

Food — groceries, meat, farm products, etc $166. 88 

Fuel — coal, wood, gasoline, and kerosene 32. 89 

Garden — cash cost of seeds, labor, rent of land, etc 8. 76 

Labor — (man ) household work 18. 86 

Labor— (woman) household work 156.00 

Total for 12 months 383.89 

Regular boarders (equivalent to 2 men) .a days. . 730 

Regular hired help — 2J months days. . 75 

School-teacher days. . 100 

Extra hired help days. . 124 

Total days.. 1,029 

Dividing $383.39 by 1,029 gives 37.3 cents per day, or $11.19 cents per month 
per man. 

Farm No. 2, Northfield Route, 1905. 

Food — groceries, meat, farm produce, etc $365. 82 

Fuel — coal, wood, gasoline, and kerosene 54. 91 

(xarden — cash cost of seeds, labor, rent of land, etc 13. 33 

Labor — (man ) household work 23. 21 

Labor — (woman) household work 240. 00 

Total for 12 months 697.27 

Regular boarders (equivalent to 5 men) days. . 1, 825 

Extra hired help days. . 166 

Total -.days.. V991 

Dividing $697.27 by 1,991 gives 35 cents per day, or $10.50 per month per man. 
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Farm No. 3, North field Route, 1905. 

Food — groceri^, meat, fann produce, etc $243. 11 

Fuel — coal, wood, and kerosene 56. 66 

Garden — cash cost of seeds, labor, rent of land, etc 9. 34 

Labor — (man) household work 26. 70 

Labor — (woman) household work 240.00 

Total for 12 months 575.81 

Regular boarders (equivalent to 3J men ) days. . 1, 272.] 

Extra hired help days. . 107 

Board to a relative days. . 30 

Total days.. 1,409^ 

Dividing $575.81 by 1,409^ gives 40.9 cents per day, or $12.27 per month per man. 

Note. — In determining the cost of board on farms per day and per month, it is 
necessary to figure the total coi t of the table board each year, and then divide this 
sum by the total number of days* board in terms of one man. It Is impossible to 
figure this cost of board month by month during the year, because the purchase of 
Huppiies may be great one month and very small the next month. Inventoried sup- 
plies of flour, sugar, farm produce, etc., are consumed during a number of months, 
and the exact amount consumed each month can not be determined. Cost of board 
per month per man is, therefore, figured from a yearly average, and the data secured 
in 1904, for example, are used in determining the rate of wages per hour in 1905 (see 
Table III). This is done merely to keep up to date the work of converting labor 
values into cash values. 

Wages for household work are not actually paid on a majority of farms, but a 
yearly cash value is placed upon the household work on each farm, so that the cost 
of board may be reduced to cost per month per man and be used in determining 
rates of wages for man labor. The amount of wages paid in each case is determined 
by the standard of living, the size of the family, and the prevailing wages for house- 
keepers and hired women. • 

Tahlk VII. — Cost of horse lahm* per hour, 

FARM OF FRED JENK8, NORTHFIELD ROUTE, 1904. 





«l 
4 

i 

4 
4 
4 
4 

4 

i 


• 
SJ 

1 


Interest on in- 
1 vestment. 


Depreciation. 


Harness de- 
preciation. 




• 

o 

■4J 


• 

1 


Miscellaneous 
expense. 


Total. 


1 
1 


Month. 


a 
$1.20 


OQ 
t4 * 

M 


•M 

o . 


January 




$10.70 
13.31 
17. t4 
27. 55 
23.46 
27.18 
21.20 
27.90 
23.85 
23.93 
15.42 
12. L8 


$2.30 
2.13 
1.90 
3.24 
3.C5 
3.C6 
3.25 
2.74 
3.51 
3.93 
3.99 
3.C3 


i6.'25' 
.25 

'i.'io' 

"*.*46* 

'i.*c6' 

4.00 


1034 

156 

1744 

601 

691 

3604 

4614 

9654 

7634 

548 

353 

2234 






February 

March 




























Apiil . 

Mav 






















.40 






June 
















July 
















August 
















September 

October 


" 




















1 






November 






1 






December 








1 




















Year 




$400 


$20 


$25 


$6.50 


1.60 


247.84 


37.23 


7.00 


5,4014 


$345.17 


S0.064 
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Table VII. — (hst of horse labor per hour — Continued. 

FARM OF JAS. PATTERSON, NORTHFIELD ROUTE, 1904. 





og 




Interest on in- 
vestment. 


Depreciation. 


Harness d e - 
preciation. 


Shoeing. 


• 
1 


T/abor cost. 


OQ 

h 

S n 
?§• 

$4.00 
.10 

.20 

"*56" 



Total. 


• 

1 

1 


Month. 


So 
4 


5 1 Value. 


Hours 

work. 


Cost of 
1 keep. 


January 






$2.40 


$14. 57 
19.72 

12. C5 
56. C3 
42.44 
35.32 
30. 9t 
35.79 
34.98 
35.26 
21.51 

13. C3 


$5.37 
4.97 
5.C8 
9.72 
7 31 
6.12 
5.42 
4.57 
5.26 
5.99 
5.98 
5.20 


134 
126 
155 
647i 
729 
4204 
4674 
6984 
1,3764 
1,062 
430 
197 




February 


1 

4 
7 


IT- — 












March 
















April 

May 


1,200 








l.CJ 






7 
7 
7 
7 
7 
7 
7 
7 














June 
















July 
















August 
















September 
















October 
















November 
















December 
































Year 


1 


$54.37 




$9.00 


$4 00 


353.74 


71.00 


4.80 


6,4434 


$496.91 


IM).07T 







Note. — ^The methods employed in determining the cost of horse labor per hour are 
the same as for man labor (Table III), with the exception that the rate is determined 
on a yearly basis instead of monthly. The rate per hour is determined from an 
average of twelve months and employed in converting all horse-labor values to cash 
values in the succeeding year. A more exact method would be to convert labor 
values into cash values by the rates per hour for the same year in which the labor 
was performed, but work can not be Kept up to date by this method. The yearly 
average is employed for ascertaining the cost of horse labor because in ordinary farm 
practice the farm horses are boarded and cared for through the entire year in order 
to keep "motive power'' ready and available at all times. This is a necessity in the 
farm business, and rates per hour must be determined from yearly averages. Horse 
labor, like man labor, can in some localities be hired at various rates during the dif- 
ferent seasons of the year, but comparatively little horse labor is bought and sold on 
farms. Rates for horse labor should cover the cost to the farmer of keeping his 
teams through the year. 

During the years 1902 and 1903 the charges made for the depreciation of farm 
horses and the interest on investment were made on a theoretical instead of an actual 
basis. The experience of many farmers would indicate that the average working 
life of a farm horse is about ten years. Thus, valuing a horse 4 years old at $150, 
and assuming ten years to be the length of his working life, the cJepreciation charge 
per year would amount to $15, and interest would have to be figured on an average 
investment during the ten years of $75. This method, while undoubtedly just, was 
discarded in 1904 and actual figures on investment and depreciation used. 

The cost of keeping a farm horse for a year, including interest on investment, 
depreciation, harness depreciation, shoeing, feed, labor for care, etc. , amounts to a 
total sum ranging from $75 to $90. 

In placing a cash value upon farm labor employed in the production 
of crops and various other farm enterprises, the following method has 
been used: The number of man and horse hours utilized in perform- 
ing any opei*ation — such as plowing — on a given acreage are compiled 
and then separated into labor by day help (as shown in Table V) and 
all other man labor, including the labor of regular hired men, proprie- 
tors, and boys. The hours of labor by dai/ help are converted into 
teims of cash by multiplying the number of hours into the rate per 
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hour previously determined in Table V. The remaining hours of man 
labor are multiplied into the rate per hour for regular labor in any 
given month as shown in Table IV. Hours of liorse labor on the opera- 
tion are multiplied into the rate per hour for horse labor as shown in 
Table VII. The sum of these three products represents the cash cost 
of plowing under actual farm conditions. Labor of proprietors is 
alwa3^s figured in at the same rate as the labor of hired men. The 
manual labor performed by a proprietor is usually of no more value 
than that of the hired laborer, and the rewards for his managing abil- 
ity will be recovered in the net profits of his business. 

YEARLY VALUES OF FARM MACHINERY CONSUMED PER ACRE OF CROP. 

The value of farm machinery consumed yearly on the various field 
crops is a most diflScult factor to determine. In ordinary farm book- 
keeping the depreciation and repair of machiner}'^ should be considered 
as a general expense of the farm business, but in determining the cost 
of producing field crops it is necessary to distribute this cost to the 
various crops. The values of farm machinery consumed yearh^ must 
include not only depreciation, but cash and labor repairs. The prob- 
lem is still further complicated by the fact that man\^ farm machines 
are not special machines, but are used on all the farm crops. For the 
purpose of distributing machinery charges to the various field crops farm 
machinery has been separated into five classes: (1) Grain machinery; 
(2) corn machinery; (3) hay machinery; (4) all-crop machinery; (5) 
miscellaneous machinery and tools. Depreciation charges as well as 
all cash and labor repairs have been kept separate on these various 
classes of farm machinerj^ since 1902. Inventories have been recorded 
in the manner shown in Table VIII. 

Tablb VIII. — Method of inveMorying farm machinery to obtain average depreciation per 

year. 

FARM OF HENRY JONES (MARSHALL ROUTE)— CLASS, GRAIN. 



Kind. 



Binder 

Drill 

Fanning mill 



Date 
bought. 


Origi- 
nal 
value. 


Value 
1902. 


Value 
190S. 


Value 
1904. 


Value 
1905. 


1898 
1901 
1899 


S125 
(>0 
24 


$75 
50 
20 


$65 
50 

18 


f65 
45 
17 


$60 
40 
17 



FAKM OF HENRY JONES (MARSHAliL KOlTi; — ( :.A8S, ALI^-CROP. 



Heavy wagon . 
Heavy wagon . 
Boss harrow . . 
Lever harrow . 
Disk harrow . . 

Gang plow 

Sulky plow ... 
Walking plow 
Walking plow 
Bobsleds 



' 1901 


?«>r, 


$60 


«55 


rs 


1 1891 


.);> 


30 


30 


25 ' 


1901 


II) 


10 


8 


8 


1892 


10 


3 


3 




1892 


•jr. 


15 


15 


12 


1903 


CO 




GO 


55 


1902 


40 


16 


30 


25 


1897 


14 


5 


5 


5 


1898 


15 


8 


8 


8 


1901 


10 


10 


10 


9 



$50 

20 

t 

2 

10 

50 

25 

2 

6 

8 
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Table IX. — Method employed in determining the total value conRum^d per acre of eaeh 

machine used in crop production: Grain binders, 

NORTHPIELD (RICE COUNTY). 



Farm. 



Farm No. 1 

Farm No. 2 

Farm No.3 

Farm No. 4 

Farm No. 5 

Total 

Average per farm 



Original 
invest- 
ment. 



$125.00 

125.00 

66.00 

115.00 

115.00 



546.00 
109.20 



Number 

of years in 

use. 



2 

7 
4 
9 
9 



31 

6.2 



Closing in- 
voice. 



$95.00 

70.00 

45. CO 

10.00 

6.00 



226.00 
45.20 



Deprecia- 
tion per 
year. 



$15.00 

7.85 

5.25 

11.66 

12.11 



51.87 
10.37 



Yearly 
cash and 

labrr 
repairs. 



$1.85 
2.46 
2.13 
4.14 
1.66 



12.24 
2.45 



Yearly 
number of 
acres cut, 

average 

1902, 1903, 

1904. 



72.29 
92.01 
84. €1 
70.85 
64.15 



383.91 
76.78 



Average investment per farm, 6.2 years, $82.38. 

Interest oi $82.38, 1 year, at 5 per cent $4. 12 

Cost of repairs, 1 year v 2. 45 

Depreciation, 1 year '. 10. 37 

Total value consumed per farm per year 16. 94 

Average number of acres of strain cut per farm per year, 76.78. 
Cost per acre equals $16.94 divided by 76.78, or 22 cents. 

MARSHALL (LYON COUNTY). 



Farm. 



Farm No. 1 

Farm No.2 

Farm No.3 

Firm No. 4 

Farm No. 5 

Farm No. 6 

Farm No. 7 

Farm No. 8 

Total 

Average per tarm 



Original 
invest- 
ment. 



$125.00 

120. 03 

135.00 

125. 00 

a 260 00 

a 21 5. 00 

a 250. 00 

a 250. 00 



1,480.00 
185.00 



Number 

of years in 

use. 



7 
12 
8 
6 
16 
14 
18 
10 



Clasing in- 
voice. 



$40.00 
10.00 
30.00 
35.00 
42.00 
60.00 
40.00 
90.00 



91 
7.6 



347.03 
43.37 



Deprecia- 
tion per 
year. 



$12.14 
9.17 
13. 12 
15. CO 
13.63 
11.07 
11.66 
16.00 



Yearly 
cash and 

labor 
repairs. 



$1.20 
3.C5 



3. 
2. 



41 
02 



2.32 
L77 
8.97 
9.85 



101.79 
12.72 



32.59 
4.07 



Yearly 
number of 
acres cut, 

average 

1902, 1903, 

1904. 



U3.87 
116.30 
147.14 
141.95 
188.33 
101.81 
170.85 
211.63 



1,19L88 
148.98 



a Two binders. 



Average investment per farm, 7.6 years, $120.54. 

Intere«^t on $120.51 at 5 per cent, 1 year $6. 08 

Cost of repairs, 1 year 4.07 

Depreciation, 1 year 12.72 

Total value consumed per farm per year 22. 82 

Average number of acres of grain cut per farm per vear, 148.98« 
Cost per acre equals $22.82 divided by 148.98, or 16.3 cents. 
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Tablie IX. — Method empUnjed in detennining the totcU value ammnied per acre of euu^ 
machine used in crop production: Grain Hnders — Continuea. 

HALSTAD (NORMAN COUNTY). 



Farm. 



Farm No. 1. 
Farm No. 2. 
Farm No. 8. 
Farm No. 4. 
Farm No. 5. 
Farm No. 6. 
Farm No. 7. 



Origiual 
invest- 
ment. 



Number /.is 
of years in ^'^^i^^*^'^"- 
use. 



voice. 



Deprecia- 
tion per 
year. 



Yearly 
cash and 

labor 
repairs. 



Yearly 
number of 
acres cut, 

average 

1902, 1903, 

1904. 



$100.00 


7 


120.00 


4 


135.00 


10 


125.00 


9 


125.00 


12 


90.00 


16 


100.00 


/ 

— . 



Total 

Average per farm 



795.00 
113.57 



64 
9.14 



840.00 


«8.57 


$3.30 


150.79 


85.00 


8.75 


1.17 


103.41 


20.00 


11.50 


1.29 


107. 61 


30.00 


10.55 


13.13 


160.20 


20.00 


8.76 : 


1.92 


94.95 


7.00 


6.58 , 


5.52 


99.98 


20.00 


11.43 


5.65 


271.42 


222.00 


65.08 1 


31.98 


988.36 


81.71 


9.80 


4.67 


141.19 



Average investment per farm, 9.14 years, $77.28. 

Interest on $77.28, 1 year, at 6 per cent $4. 64 

Cost of repairs, 1 yea r 4. 57 

D epreciaUon, 1 year 9. 80 

Total value consumed per farm per year 18.51 

Average number of acres of grain cut per farm per year, 141.19. 
Cost per acre equals $18.50 divided by 141.19, or 18.1 cents. 



Note. — It may be seen from this table that the values consumed yearly in grain 
I : iders on average Minnesota feirms range from $16 to $23, or from 13 cents to 22 
cents per acre. Depreciation of binders, as well as other farm machines, is not 
exactly proportional to the acreage cut or acreage covered. Age is a factor that 
reduces values as well as usage of the machine. A binder which cuts 1,000 acres of 
grain in two years will not be reduced as low in value as the binder which cuts 1,000 
acres in ten years. 

The acreage cut by the machines used in this table is made up from the total acre- 
age cut by the machines during the years 1902, 1903, and 1904, reduced to a yearly 
average for each route. The average investment in a machine for a given period of 
years is obtained by adding the inventory values of the machine for the given periocl 
and dividing this sum by the number of years in the period. A concrete example 
may be had in a machine the original value of which is $100, and w hich depreciates 
$10 per year for ten years. The first year the investment is $100, the second year $90, 
the third year $80, and so on. Adding the investments for ten years gives a sum of 
$550, and dividing this sum by the number of years in the period (ten), the average 
investment per year is found to be $55. The same result can be obtained by adding 
the original investment to the closing invoice plus the average depreciation per year, 
and dividing by 2. Thus original investment ($100), plus closing invoice ($0), 
plus average depreciation per year ($10), equals $110. Dividing by 2, the result ie 
$55, or average investment for ten years. 

The methods employed in this table in determining machinery cost per acre could 
be improved if statistics on depreciation, repairs, and acreages cut were obtainable 
for a long period of years. In so far as these statistics represent average conditions 
they are approximately correct 
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Table yi.'-^Mdhod fot dhifUmting the total value consumed yearly injana iMgons, deds, 

and wagon racks to the corn, grain^ and hay crops, 

[Average of all farms on each route, 1902, 1908, 1904.] 





Northfield (Rice County). 


Marshall (Lyon County). 


Halstad (Normati County). 


Crop. 


Hours 

in 

use. 


Vftlue 
con- 
sumed 
per 
year. 


Num- 
ber of 
acres. 


Cost 

per 

acre. 


Hours 

in 

use. 


Value 
con- 
sumed 
per 
year. 


Num- 
ber of 
acres. 


Cost 

per 

acre. 


Hours 

in 

use. 


Value 
con- 
sumed 
per 
year. 


Num- 
ber of 
acres. 


Cost 

per 

acre. 


<;iom 


368 

205 

73 

243 


$4.75 

2.64 

.94 

3.16 


36.00 
76.78 
18.38 


^.132 
.034 
.051 


456 
479 
116 

448 


$4.66 
4.89 
1.18 
4.57 


42.30 

148.98 

23.00 


$0,110 
.083 
.051 


22.1 
615.5 
379.4 
838.0 


$0.82 

7.58 
5.56 
4.96 


7.40 

129.50 

43.80 


80.043 


Orain 

Hav 


.058 
.127 


Miscellaneous 


















Total... 


889 


11.49 






1,499 


15.30 






1,255 


18.89 





















NoTE.-:-The yearly values consumed in farm wagons are distributed to the crops 
and other enterprises of the farm in proportion to the number of hours the wagons 
were used in each enterprise. The number of hours the wagons were used on;each 
crop is determined from the yearly summaries of labor for any enterprise by adding 
together the hours of team labor for those operations in which wagons were em- 
ployed. Thus at Marshall (in southwestern Minnesota) the total value in wagons 
consumed yearly per farm was found to be 115.30, and the total number of hours 
the wagons were in use was 1,499. The proportion of $15.30 to be charged against 
the grain crops is determined by the proportion of hours the wagons were used on 
grain to total hours the wagons were in use. Thus: Total hours (1,499) : hours on 
grain crops (47C) :: total value consumed ($15.30) : x. Working out this pJroportion 
the total yearly charge against the grain crops for values consumed in farm wagons, 
sleds, and racks is found to be $4.89. Dividing this sum by the average number of 
acres of grain per farm on the Marshall route, the wagon cost per acre for grain is 
found to bo 3.3 cents. The wagon cost per acre for the corn and hay crops is found 
by the same process. 



Table XI. — Values consumed yearly per acre in n thrashing mitfit on a large grain farm 

in northwestern Minnesota. 















• 


Original in- 
vestment. 


Number of 
years in use. 


Closing in- 
voice. 


Average depre- 
ciation per 
year. 


Yearly cash 
and labor re- 
pairs. 


Packing, oil, 
etc. 


Yearly acre* 

age 

thrashed. 


$3,000 


4 


$1,700.00 


$325.00 


$51.74 


$9.42 


1,762.23 



Average investment, 4 years, $2,512.50. 

To Interest on $2,512.50. at 6 per cent k $150.75 

To rash and labor repairs 51. 74 

To packing, oil, etc 9.42 

To depreciation 325.00 

By credii lor u$)e in grinding feed $80.00 

Total value consumed m thrashing 506.91 

586.91 586.91 
Cost per acre equals $506.91 divided by 1,762.28, or 28.8 centi. 
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Table XII. — Values consumed per acre — farm machinery. 



Machines. 



(rrain machinery: 

Binders 

Reapers 

Drills and seeders 

Fanning mills 

Grain tAuks 

Wagons, sleds, and racks. 
Com machinery: 

Binders '. 

Plapters 

Cultivators 

Wagons, sleds, and racks. 
Hay machinery: 

Mowers 

Rakes 

Wagons, sleds, and racks. 
All-crop machinery: 

Plows 

Harrows 

Disks 

Thrashing outfit 



Northfleld 

(Rice 
County). 



»0.220 



.059 
.028 



.034 

.789 
.069 
.107 
.132 

.287 
.102 
.051 

.088 
.017 
.025 



Marshall 

( Lyon 
County). 



«0. 158 



.094 



,033 

,770 
,115 
,090 
,110 

,213 
,114 
,061 

,065 

Oil 

,098 



Halstad 
(Norman 
County). 



iK).13l 



Minnesota 
average. 



La^e farm 
in north- 
western 

Minnesota. 



087 



.058 
.440 



.129 
.043 

.139 

.067 
.127 

.062 
.014 



$0,168 



.080 
.028 



.042 

.666 
.092 
.109 
.095 

.213 
.094 
.076 

.068 
.Olt 
.061 



^0. 110 
.Wil 
.031 
.002 
.009 
.030 



.155 
.016 
.057 

.041 
.OWi 



288 



Note. — The values . in farm machinery consumed annually per acre have been 
ascertained from an average of four years by the methods shown in Table IX. The 
values consumed in harrows and disks do not represent the proper charge for one 
harrowing and one disking, but for the number of harrowings and the number of 
diskings that are commonly given the total acreage covered by these implements in 
the various sections of Minnesota where the statistics were collected. The number 
of harrowings on which this depreciation charge is based is approximately three and 
the number of diskings two. 

The total value of machinery consumed per acre by any field crop may be obtained 
from this table by adding the values consumed in those machines which are used in 
planting, tilling, and harvesting. Thus at Halstad, in Norman County, the 
machinery charge for producing an acre of wheat is as follows: Plows, 5.2 cent<j; 
harrows, 1.4 cents; drills, 8.7 cents; binders, 13.1 cents; wagons, 5.8 cents; fanning 
mills, 0.2 cent,« making a total of 34.4 cents. The total machinery charge for a corn 
crop-at Northfield, Rice County, is: Plows, 8.8 cents; harrows, 1.7 cents; planters, 
6.9 cents; cultivators, 10.7 cents; wagons, 13.2 cents; binders, 78.9 cents, making a 
total of $1,202. 

THE RENTAL. VALUE OF LAND. 

The rental value of land is not ordinarily considered by farmers as 
an item of expense in the farm business, especially in new farming- 
regions where prospective rises in land values are included in the 
expectancy of profits. This item can not be ignored, however, in 
determining cost of production or net profit. A reasonable charge 
must be made for the productive capacity of capital as well as for 
labor. The two are inseparable in carrying on production, and wages 
must be paid to labor and interest to capital in order to induce them 
to enter any industry. There is undoubtedly a great deal of capital 

a In some cases during these preliminary years the route men failed to get full data on one farm or 
route in some of the minor matters, and there have been a few substitutions in the tables, as here 
the cost per acie of fanning mills was secured only on the large farm. 
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invested in agriculture that is not drawing interest at commercial 
rates. Nevertheless, wherever capital can be withdrawn from agri- 
culture and draw 6 per cent' in other investments, the business of 
agriculture must be debited with an expense of 6 per cent interest 
charges on the investment. Receipts overhand above the charges for 
labor, general expense, and capital in the form of land and machinery 
may be considered as net profit. 

The rental value of the land, as given in the tables of cost of produc- 
tion presented in this bulletin, is based upon an interest charge of 5 
per cent on the investment in land at Northfield, Rice County; 5 per 
cent at Marshall, Lyon County^ and 6 per cent at Halstad, Norman 
County. Improved land at Northfield is valued at $70 per acre; 
Marshall, $60, and Halstad, $30. Thus the rental value of land at 
Northfield is $3.50 per acre; Marshall, $3, and Halstad, $1.80. Rental 
value of land, as the term is used in this bulletin, covers interest 
charges, taxes, and insuran(*.e. 

CLIMATIC CONDITIONS IN MINNESOTA, 1902, 1908, 1904. 

The crop seasons of 1902, 1903, and 1904 in Minnesota were marked 
by excessive rainfall and a mean temperature during the crop seasons 
that was somewhat lower than the average for years preceding. At 
Moorhead, in northwestern Minnesota, the average annual rainfall for 
the years 1902, 1903, and 1904 was 27.92 inches, greater by 4.15 inches 
than the average for 22 years preceding, and the average mean tem- 
perature for the crop seasons — April 1 to September 30 — was 57.28 
degrees, or 0.8 degree lower than the average for 21 years preceding. 
At Farmington, in southeastern Minnesota, the average annual rainfall 
for the years 1902, 1903, and 1904 was 34.20 inches, greater by 4.55 
inches than the average for 15 years preceding, and the average mean 
temperature for the three crop seasons of six months each was 59.52 
degrees, or 2.02 degrees lower than the average for 15 years pre- 
ceding. At Lynd, in southwestern Minnesota, the average annual 
rainfall for the years 1902, 1903, and 1904 was 26.20 inches, greater 
by 1.G6 inches than the average for the 11 years preceding, and the 
average mean temperature for the three crop seasons of six months 
each was 58.99 degrees, lower by 2.55 degrees than the average for 
1 1 y^ears preceding. 

The general effect of these seasons of excessive rainfall and low 
temperature upon crop growth was to increase the yields of pasture 
and hay crops above normal and to decrease the yields of corn. Wheat 
and other small grains grew an unusual proportion of straw during 
these years, with the exception of the oat crop at Northfield, in Rice 
County, for 1904. Excessive rainfall at Marshall in 1903 reduced the 
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acreage of grain actually cut, as compared with the acreage planted, 
and also considerably reduced the yield. 

The seasons of 1902, 1903, and 1904, therefore, can not be considered 
as average seasons for Minnesota. The effect of the ranker growth 
of straw was to increase slightly the cost of harvesting and thrashing 
the small grains above the cost during drier crop seasons. The cost 
of putting up hay. at Northfield likewise is undoubtedly somewhat 
higher than for the average season, owing to the f i*equency of showers 
in the haying seasons of 1902 and 1903. The excess of rainfall in 
these years also increased the cost of soil tillage to some extent. The 
autumn of 1903 and the spring of 1904 were unusually wet at Mar- 
shall, making the soil heavy to work and drowning out large areas of 
crops. The spring of 1904 at Halstad was nearly a month later than 
usual and the soil so heavy and wet as to increase the cost of spring 
work by fully one-fourth. The wheat yield at Halstad for 1904 was 
lowered materially by the wheat-rust epidemic that caused such wide- 
spread damage over the wheat areas of the Northwest. 

THE COST OF PBGDUCING FIEIiD CBOPS IN MINNESOTA. 

The tables presented herewith on the cost of producing field crops 
represent averages for the years 1902, 1903, and 1904 from all the 
farms on each statistical route. The acreages vary in some instances 
for the different operations in producing a crop, because of occasional 
failures by the route statistician to secure data on certain operations, 
and because of the varying methods employed on different farms in 
producing a certain crop. Certain charges against the crop, like 
seeds, machinery depreciation, land rental, etc., are averaged from all 
farms, but labor operations are averaged in some cases from 6 farms, 
and in other cases from 7, 8, or 9 farms. The various labor operations 
charged against the crops represent the operations performed by the 
majority of farmers in the community where the statistics were gath- 
ered. The cost of harrowing, cultivating, etc., is based upon the total 
number of harrowings or cultivations the crop received. The aver- 
age cost per acre has been determined by obtaining the total acreage 
for every operation during the three years and then dividing the total 
cost of labor, etc., by the total acreage. 

More kinds of data were secured on the Northfield route than on 
either the Marshall or the Halstad route, for the reason that the farm- 
ing is more diversified in southeastern Minnesota than in the newer 
communities in the southwestern and northwestern sections of the 
State. For the details entering into the summarized figures presented 
in Table XIII on the cost of growing each crop see Tables XIV to 
XXXV. - 
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In most cases the cost per acre is greatest at Northfield and lowest 
at Halstad. This is caused by the higher land rental and more 
thorough tillage of the soil at Northfield and also by the use in many 
instances of less improved machinery than is used at Halstad and Mar> 
shall. A large share of the plowing, dragging, seeding, and harvest- 
itig is done at Northfield with two or three-horse machinery while 
gang-plows and other four-horse machinery are used almost exclu- 
sively at Halstad. The average size of the farms on the Halstad route 
is BIO acres, Marshall 260 acres, and Northfield 170 acres. 

I^he individuality of the farms and of the farmers has been almost 
entirely eliminated in the results presented in these tables because these 
results are made up from many fields during a series of three consecu- 
tive years. 

The individuality of one farmer has been preserved in the data from 
a large farm in northwestern Minnesota. This farm of 1,800 acres, 
situated in Norman County, in the Red River Valley region of Min- 
nesota, is typical of the large farms and extensive methods of grain 
growing found in this region. The statistics collected from this farm 
on the cost of producing field crops are not included in the general 
averages for all farms in Norman County, but are presented separately, 
as conditions of labor, machinery, size of fields, etc., make the data 
noncomparablo with the data taken from a number of smaller sized 
farms in the same region. 

Tie cost per acre of marketing farm products has not been here 
included in the statistics of cost of production. The co«t per acre of 
marketing varies so greatly with distance hauled, size of load, condi- 
tion of roads, and yield per acre that it was deemed advisable to omit 
it from these tables. It is an expense that must not be ignor<;d, how- 
ever, and will fall heaviest on those crops which are marketed directly 
as wheat and flax, and least on those crops which are condensed b}^ 
feeding them to live stock. By using the rates of wages for man and 
horse labor given in Tables IV and VII the cost of marketing a given 
unit of product may easily be determined. 

The cost of marketing grains was found to be 14 to 20 cents per ton 
per mile under the conditions of these farms, which were 2 to 30 
miles from town. The roads, mostly earth roads, some graveled, are 
comparatively level. 
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Tablb XIII. — Total cost per acre of producing field crops. 
[Averages for three years, 1«02, 1908, and 1904.] 



Crop. 



Barley— spring plowing 

Corn— earsbu^ked from standing stalks 

Corn— cut, shocked, and sbredoed 

Corn— cut, shocked, and hauled in 

from the field 

Corn— grown thickly and siloed 

Flax— thrashed from windrow 

Flax— unbound, stacked, thrashed 

Flax— bound, shocked, stacked, and 

thrashed 

Fodder corn — cut and shofked in field. 
Foddercorn— cutjFhocked.andfrt'U'ked 
Hay (timothy and clover), two cuttings 

Huy (millet) 

Hay ( wild grasses) .'. . 

Hay (timothy) 

Mangels 

Millet— cut for seed 

Oats— fall plowing 

Oats— disked com stubble 

Potatoes— garden cultivation 

Rye— spring sown 

Timothy— cut for seed 

Wheat^fall plowing 



Number of 
table 
which 
shows de- 
tailed cost. 



XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

XXV 

XXVI 

XXVII 

XXVIII 

XXIX 

XXX 

XXXI 

XXXIf 

XXXIII 

XXXIV 

XXXV 



North- 
field 
(Rice 
County). 



Marshall 

(Lyon 
County). 



99.135 
11.770 
14.745 



9.828 



10.526 

12. 197 

6.966 

9.184 

5.850 



9.383 

9.837 

9.002 

24.925 



5.957 



98.576 
9.956 



11.020 



8.861 
9.260 



8.162 
5.179 



8.829 
'26*890" 



7.890 



Halstad 
(Norman 
County). 



96.410 



6.871 
6.727 



8.07o 



5.973 
2.8?2 



6.584 
6.314 



25.4J4 



6.2t2 



Minne- 
sota Jtx- 
perim^nt 
Station. 



Large 
farm, 
north- 
western 
Minne- 
sota. 



918.212 



34.081 



95.967 



6.139 



7.518 



2.286 
3.802 



5.878 



30.488 
6.090 
4.079 
6.324 



Note. — ^The tig».i-:s in Table XIII aie for the most part from well-tilled fields 
where the crops are given a chance to produce good average yields, somewhat better 
than statistics show for the entire State of Minnesota. Farmers who secure smaller 
yields usually expend le.«s for labor and other items of expense than waa used on 
this land. Whenever comparisons between the costs of production for Vcirious 
crops are to be made the statistics should be used from the same section of the State 
and not from different sections. This is necessary to make a just comparison, as land 
rental, machinery cost, and labor vary with the different sections in which the sta- 
tistics were gathered. 

Using the figures in this table as a basis for computation, the average annual net 
value of the products in a given rotation of crops may be determined. For example, 
a popular live-course rotation in Minnesota is: Fir.t year, com, cost, $9,956; second 
year, wheat, cost, I7.C90; third year, hay, cost, $6,617; fourth year, pasture, coFt, 
$3,452; and fifth year, oate, cost, $8,829. The cost of production per acre for these 
five crops (as taken from the statistics gathered at Marshall, in southwestern Minne- 
sota) is therefore $35.94, or an average of $7.19 per acre per year. This last-named 
sum subtracted from the gross average annual value of the crops would give the 
average annual net value or net income. 

The cost of producing wheat per acre as entered in this computation has been 
reduced by 80 cents because the figures in Table XIII are for wheat on fall plowing, 
whereas the wheat grown in the rotation named is sown on disked corn stubble (see 
Table XXXI). The cost of the seed for the hay and pasture crops has likewise been 
placed on a two-year basis to fit this particular rotation instead of a three-year basis, 
as in Table XXIV. Rental value of land for the hay crop produced at Northfield 
has been made the same as for the com and grain crops produced at Marshall. 

The average net profit per year from this rotation is shown by the difference 
between $7. 19 and the cash value of the average gross product per year. The conipar- 
ative value of various successions of crops should be measured in net value of product 
or net profits. 
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Table XIV. — Co9t of producing barley — spring pUivnnp, 



Cperation. 



Seed yahe 

Cleaningseed 

Plowing 

Dragging. 

Seeding 

Cutting 

Twine 

Shocking 

Stacking ^ 

Stack-tbrfShing (la- 
bor) 

Casb cost ihra«hing.. 

Macbiner?? cost 

Land rental 



TotaL 



Nortblield (Kice County). 



Total 

acreage, 

tbree 

years. 



240.67 
142. 52 
138.35 
242. 78 
248.90 
257.64 
146.70 
257.54 
128.93 

113.42 



Total 
cost. 



$232.53 

5.60 

153.60 

72.97 

60.75 

103.88 

45. CO 

38.85 

72.89 

60.59 



Cost 

per 

acre. 



$0,966 
.039 
1.110 
.301 
.244 
.40D 
.307 
.140 
.5C5 

.534 

.665 

.446 

8.500 



9.185 



Marshall .(Lyon County). 



Total 

acreage, 

three 

years. 



750.29 
696.91 
289.^9 
662.19 
731.20 
787.03 
695.39 
772.51 
787.03 

634.00 
684.60 



Total 
cost. 



$750.54 
22.10 
308.24 
lOl.Ol 
190.66 
259.92 
223.99 
101.05 
450.50 

148.80 
584.32 



Cost 

per 

acre. 



$1,000 

.022 

1.C63 

. .157 
.261 
.833 
.322 
.131 
.572 

.259 
1.0€3 

.356 
3.000 



8.576 



Halstad(NormanCounty). 



Total 

acreage. 

three 

years. 



455.84 
308. C4 
662.48 
553.13 
519.88 
498. 74 
229.94 
488.52 
258.79 

142.77 
142.77 



Total 
cost. 



$341.88 

11.18 

645.60 

183.02 

136.29 

181.00 

42,80 

67.12 

120.81 

28.24 
65.34 



Cost 

per 

acre. 



$0,750 
.036 
1.148 
.331 
.262 
.363 
.185 
.137 
.467 

.198 

.388 

.344 

1.800 



6.410 



LARGE FARM IN NORTHWESTERN MINNESOTA. 



Opemtlon. 



Seed value... 
Gleaning seed 

Flowing 

Dragging .... 

Seeding 

Weeiing 

Gutting 

Twine 



Total 
acreage, 


Total 


Cost 

per 

acre. 


three 
years. 


cost. 


306.59 


t233.34 


$0,761 


306 59 


20.54 


.067 


806.59 


269.19 


.878 


806.59 


82.39 


.269 


306.59 


65.02 


.212 


117.04 


1.40 


.012 


806.69 


104.21 


.840 


306.59 


68.37 


.223 



Operation. 



Shocking 

Shock-thrashing (labor) 
Values consumed (in 

thrashing outfit) 

Machinery cos' 

Land rental 



Totdl 



Total 

acreage, 

three 

years. 



306.59 
188. C4 



Total 
cost. 



$48.46 
137.44 



Cost 
acre. 



$0,158 
.731 

. .2^ 

.2,8 

LHOO 



5.t67 



Note.— The average yield of barley for the years 1902, 1903, and 1904 on the 
cooperating farms of the Northfield route was 31 bushels; Marshall, 28.5 bushel^; 
Halstad, 27.4 bushels; and for the laif^e farm in northwestern Minnesota, 21.9 
bushels. 

The average cash price for No. 4 malt barley at Minneapolis for all months during 
the years 1902, 1903, and 1904 was 55 cents. Freight tariffs and marketing charges 
must be subtracted from this price to give the/arr/i value in any locality. 

Table XV. — Cost of producing cam — ears husked from the standing stalks. 



Operation. 



Manuring 

Seed value 

Sbeilingseed 

Plowing 

Dragging 

Planting (horse planter), 

Cultivating 

Weeding 

Husking on hill 

Machinery cost 

Land rental 



Total. 



Northfield (Rice County). 



Total acre- 
age, three 
years. 



602.68 
509.35 
411.07 
605 89 
791.75 
670.83 
776.34 



SSL 32 



Total cost. 



$868.08 
108.68 
9.57 
730.28 
380.37 
150.72 
1,266.61 



1,164.77 



Cost per 
acre. 



$0,676 
.213 
.023 

1.2C5 
.480 
.225 

1.619 



S.516 

.413 

8.500 



U.770 



Marshall (Lyon County). 



Total acre- 
age, three 
years. 



775.41 
776.71 
467.37 
579. 7H 
SSL 97 
711.08 
701.16 
133.04 
169.21 



Total cost. 



$1,140.48 
128.36 

13. Od 
602.60 
S06.ri 
180.27 
984.71 

14.67 
440. 0d 



Cost p^r 
acre. 



$0.58^ 
.165 
.028 

L039 
.447 
.254 

LS33 
.110 

2.601 
.891 

8.000 



9.956 



Note. — ^The average yield of com at Northfield and Marshall for the years 1902, 
1903, and 1904 was from 40 to 45 bushels per acre, and the average price for No. S 
yellow com at Minneapolis during the three years was 50 cents. No aocozate data 
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aire at hand on the value of an acre of the standing stalks for pastare. Fifty farmers 
^ Minnesota, in answer to an inquiry from the experiment station, estimated the 
^^asture value of an acre of cornstalks i^t $1 to $1.50. 

Statistics gathered from a small acreage show that marking the land and hand 
planting increases the cost of production by 34 cents per acre. Fo.ty per cent of 
the total I ost of manuring is charged to the corn crop. It is manifestly unfair to 
debit the crop of corn with the entire cost of manuring when the effects of manur- 
ing land can be traced in at least four or five succeeding crops. In the absence of 
specific data concerning the draft <'f crops on a dressing of manure, the < om crop is 
debited with 40 per cent of the cost of manuring, it being assumed that as corn is 
the first crop to follow the manuring, and as it is an exceedingly grosi feeder, it will 
utilize 40 per cent of the fertility in the manure. The cost of manuring the com 
crop is distributed over the entire ac r^age devoted to com, although a majonty of 
the fields are only partially manured. This accounts for the Ijw cost of manuring 
per acre shown in this table and succeeding tables for the corn crop. 

In figuring the cost per acre of husking ears from the standing bta'ks, all labor of 
men and horses was charged at the rates per hour for Octol)er and November as 
shown in Tables IV and VII. Practically all the husking done in these sections of 
Minnesota is done by regular month labor and by proprietors. Labor is therefore 
charged at the rates for month labor instead of day labor wages, or wages paid by the 
bushel, as is the custom in some localities. Horse labor is charged at regular rates, 
as an item of expense in hu king com, in order to make the expense of this opera- 
tion comi)arable with the cost of cutting and shredding corn and because there is 
no justification for omitting this charge from tlie cost of husking corn. It is true 
that the work of husking is easy for a team and that horses will increase rather than 
decrease in value while performing this work; yet while horses may be easily kept 
at this work, it is done at the expense of the corn crop. It takes a reliable team, 
moreover, to tlo this work f?atisfactorily, and if a team is used in husking instead of 
plowing, there is no good reason why horse labor should not be charged to husking 
the same as the i)lowing or seeding. 

Husking ears from the standing stalks is undoubtedly done somewhat cheaper 

farther Svjuth in the corn b^lt than in Minnesota, owing to the greater proficienc^ of 

labor in this particular operation and to the larger-sized ears, which aro more readily 

handled. The figures in this table are representative of the sections in which they 

are gathered, and are comparable with all figures for handling the corn crop by other 

methods describe* I in this bulletin. Statistics secured by correspondence with a 

number of farmers in the corn regions of Minnesota indicate that husking corn out 

of the shock costs from 75 cents to $1 more per acre than to husk from the standing 

sta.ks. 

Table XVI. — Cod of producing com — cvi^ shocked, and shredded. 



Operation. 



Manuring , 

Seed value , 

ShelliiJg.seed 

Plowing 

Dragging 

Planting (horse planter) . 

Cultivating 

Cutting (corn binder) 



Northfield (Rice 


County). 


Total 






acre- 


Total 


Cost 


age, 
three 


cost. 


per 
acre. 


years. 






602.68 


$868.08 


80.576 


509.36 


106.68 


.213 


411.07 


9.57 


.023 


605.89 


730.28 


1.205 


791.76 


380.37 


.480 


670.83 


150.72 


.225 


776.84 


1,256.61 


1.619 


294.10 


195.96 


.666 



Operation. 



Shocking and tying 

Twine 

Picking up ears 

Shredding 

Machinery cost 

Land rental 



Northfield (Rice 
County) . 



Total 

acre 

age, 

three 

years 



270.28 
248.20 
13 '.23 
138. 18 



Total 



Total 
cost. 



iri42.24 

115.84 

84.60 

524.28 



Cost 

pet 

aclrfe. 



SO. 626 

.467 

.249 

8.794 

1.2U2 

8.600 



14.746 



Note. — Forty per cent of the total cost of manuring is charged' to the com crcp 
(see note under Table XV). Yields and prices for com daring the years 1902, 1903, 
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ahd 1904 are also given under Table XV. The average yield of com stover per acre 
atNorthfield is from 1} tons to IJ tons. The fei ding value of a ton of shredded 
stoTer is estimated by T. L. Haecker at |2. 84, as com pared with timothy at |6 per ton. 
Tie cost of fchredding is made up of several items: First, cash paid per acre or per 
hour for the u&e of the shredder, the motive power, and the labor of machinists; 
second, the labor of the proprietor, hired men, and' hordes; third, board for that 
portion of the crew whose wages do not cover the cost of board. 

Tailb XVII. — Cost of producing com — cvi, akockedy and hauled in from the field. 



Oieration. 



Manuringr. 

Seed value 

Shelling s^ed - 

Plowing .,^...k 

Dragging.:.. 

Planting (horse planter) 

Cultivating ,. 

Cutting (^tn binder) . . . 



Marshall (Lyon 
County) . 



Total 
acre- 
age, 
three 
years. 



775.41 
V.6.71 
467. 37 
57.).'; 8 
(81.97 
711.08 
701. Ifi 
194. C9 



Total 
cost. 



Cost 

per 

acre. 



$1,140.48 
128.86 
13.06 
602. .^0 
30.=). 1 J 
180. 27 
931.71 
128. 22 



K).588 
.165 
.028 

1.039 
.447 
.254 

1.333 
.6C1 



Operation. 



Shocking and tying 

Twine 

Hauling in 

Machinery cost 

Land rental 



Totai...-t 



Marshall (Lyon 
County). 



Total 
acre- 
age, 
three 
years. 



172.69 
218. 90 



Total 
cost. 



$58.35 
80.18 



Cost 

per 

acre. 



$0,388 



L640 
1.161 
3.000 



11.020 



NoTE.^-Forty per cent of the total cost of manuring is charged to the com crop 
(see note uniler Tibbie XV) . Yield and cafeh values of grain and stover are given in 
notes under Tables XV and XVI. 

The com crop is often harvested by this method in some sections of Minnesota and 
the bundles hauled in and fed to the cattle, sheep, and hogs in the yards without 
husking. > ' 

Table XVIII. — Cost of producing com — thickly planted and siloed. 



Operation. 



Manuring 

Seed value 

Plowing 

Dragging .1 

Planting (horse planter) . 

Cultivating 

Cutting (com binder) 

Twine (270 pounds, at 10 

cents) 

Hauling in (distance, 

one-half mile) 

Cutting ensilage 

Coal («,000 pounds, at $6 

per ton ) 



Minnesota Experiment 




Station. 




Acre- 


Total 


Cost per 


age. 


cost. 


acre. 


181.15 


$329.32 


$0,727 


194.54 


97.27 


.500 


173.76 


230 67 


L328 


184.85 


98. 18 


.531 1 


166.59 


48.45 


.291 


166.01 


17^ 30 


LC5» 


^.5.00 


23. C6 


.512 


45.00 


27.00 


.600 


45.00 


119.58 


2.657 


45.00 


24.56 


.546 


45.00 


27.00 


.600 



Operation. 



Minnesota Experiment 
Station. 



Packing com in silo. . . . . 

Hire of power machin- 
ery 

Values consumed in en- 
silage cutter 

Machinery cost 

Land rental 

Interest on silo inve t- 
ment 

Silo depreciation (150- 
ton silo) 



Acre- 
age. 



45.00 
45. CO 
45. CO 



Total 



Total 
cost. 



$13.33 
72.00 
18.00 



8.00 
20.00 



Cost per 
acre. 



90.296 

L600 

.400 
L202 
S.^t»0 

.533 

1.333 



18.J8I2 



Note. — Forty per cent of the total cost of manuring is charged to the corn crop 
(see note under Table XV). Yield of green fodder on 45 acres was 460 tons, or 10.2 
tons per acre. The cash value of a ton of ensilage for feed is estimated by T. L. 
'Haecker at |1.88 as compared with timothy at $6 per ton. This table is 'partly 
made up from statistics gathered on the Northfield route for fodder com, and partly 
from statistics on the cost of producing ensilage at the Minnesota experiment farm. 
The amounts of labor employed in the various operations at the experiment farm 
have been converted into terms of cash by using the rates of wages per hour as 
determined on the Northfield route (Table IV) . The entire cost of producing: this 
crop has been reduced, therefore, to actual farm conditions. 
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The cost of power machinery used in cutting ensilage is figured on the basis <^ a 
cost of $8 a day for nine days* work, the $3 to cover engineers* wages and the rental of 
an engine with sufficient power to put at least 50 tons per day. Coal has been con- 
sidfired an a separate item. In some instances an engine and engineer can not be 
hired for this sum, and, especially if engines are in demand for thrashing, the cost 
of power machinery will amount to $10 or $15 per day. Gasoline engines can be 
rented and operated at an expense of $6 to $7 per day that will cut 30 to 40 tons 
per day. The owner of a 10 or 12 horsepower gasoline engine can operate it for a 
cost of $4 to $5 per day, this sum covering fuel, wages for operator, depreciation, etc. 
Eight dollars per day is thought to be an average charge for power machinery, for a 
majority of farmers prefer to rent power for this work unkss the farm is large 
enough to make a large engine a useful machine for other work. 

The depreciation, rex)ain<, and interest on investnient on a $200 ensilage cutter 
amount to a total of $15 to $25 annually. The value consumed annually in the 
machine in use at the Minnesota Agricultural Experiment Station is about $18. 
Forty-five acres of fodder corn are raised annually, making the cost per acre 40 
cents. The cost per acre would be somewhat larger where only 15 or 20 acres are 
cut annually. 

In the absence of exact statistics on silos, the depreciation charges and interest on 
the silo investment have been estimated as follows: A good wood silo, capacity 150 
tons, costing $300, will last about fifteen years. Thid makes an average annual 
depreciation charge of $20. While repairs might prolong the life of the silo beyond 
fifteen year^, it is not probable that repair and depreciation charges could be reduced 
below $20 per year. The average investment (see note under Table IX) in the silo 
per year is $160. At 5 per cent this makes an annual expense of $8 for interest on 
investment. A 150-ton silo will require about 15 ai^res of foilder com each year to 
fill it. Therefore, total annual charges for depreciation and interest on investment 
are divided by 15 to reduc^e t j cost per acre. 

It is impracticable to make exact charges for interest on investment and depreciation 
in buildings against such crops as hay, fodder corn, and shredded stover, which are 
either shocked or stacked in the field or stored in the mows of barns that are built 
primarily for the shelter of live s ock. Special hay sheds are, of course, an exception. 
When com is siloed, however, a special and expensive building must be erected for 
storing the crop, and therefore the entire charges for interest on investment and 
depreciation must be debited against the ensilage. 

Tablb XIX. — Cost of producing flax-^stubbU plowing, thrashed from windrwv. 



\-\ 


Northfield (Rice County). 


Halstad (Norman County). 


Operation. 


Total acre- 
age, three 
years. 


Total cost. 


CkMtper 
acre. 


Total acre- 
age, three 
years. 


Total cost. 


Cost per 
acre. 


Seed value 


110.38 

lll.V)U 

97.60 

97.60 

140.97 


m8.60 

2.77 

117. 17 

49.99 

36.29 


$1,076 

.024 

1.202 

.618 

.257 


467.67 
231.00 
472.49 
151.63 
467.67 
142.39 
343.77 


SS68.35 
14.33 

<88 04 
52.11 

122.47 
83.60 

108.76 


to 788 


Cleaninsr seed 


062 


Plowing 


1 022 


Pifuririnfr ; 


344 


Seedmir 


262 


Weeding 


.235 


Cuttiner (bindtv) 


189.37 

26.42 

149.71 

149. 71 


62.73 

2.61 

214.99 

134.08 


.378 
.103 

1.435 
.895 
.446 

3.600 


.316 


Turning. 




Thra.*<hTng (labor) 


151.81 
151.81 


121.89 
135.82 


.803 


Ca-4h ao^t thrashing 


.895 


Machinery cost 


.344 


Land rental 










1.800 














Total 






9.828 






6.871 
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Table XIX. — Cost of producing flax — stubble plowing, thrashed from loindrow — Con. 

LARGE FARM, NORTHWESTERN MINNESOTA. 



Operation. 



Seed value 

Cleaning seed 

Plowing 

Dragging 

Seeding 

Cutting (reaper) ., 
Thrashing (labor) 



Total 
acre- 
age, 
three 
years. 



592.19 
197.62 
442. G3 
592. 19 
442.0-3 
441.41 
563.00 



Total 
cost. 



$438.25 
2.93 
378. 47 
174. 95 
81.80 
145.42 
823.09 



Cost 

per 

acre. 



SO. 740 
.015 
.856 
.295 
.185 
.329 
1.462 



Operation. 



Total 
acre- 
age, 
three 
years. 



Values consumed in 

thrashing outfit 

Machinery depreciation. 
Land rental 



Total 



Total 
cost. 



Cost 

per 

acre. 



SO. 288 

.169 

1.800 



6.139 



Note. — When flax ia grown on tame sod an additional cost of 50 cents to 60 cents 
per acre must be added for disking, also the cost for breaking the sod, which is 
usually greater than the cost of plowing stubble land. The average cost of breaking 
tame sod land on the farms of the Northfield route is $1.67 per acre, and at Halstad 
$1.42. A small acreage of wild sod land was broken at Marshall during the years 
1902, 1903, and 1904 at a cost of $2.18 per acre. 

The average yield of flax at Northfield during the years 1902, 1903, and 1904 was 
11.8 bushels; at Marshall, 12.2 bushels; at Halstad, 9.1 bushels; and for the large 
farm in northwestern Minnesota, 9.9 bushels. The average cash price for flax during 
the years 1902, 1903, and 1904 in Minneapolis was $1.09. 

The flax crops on the large farm in northwestern Minnesota are cut with a self-rake 
reaper, thus causing a different machine cost per acre than is charged to the other 
grain crops. 

In Minnesota flax is commonly cut with a grain binder, but without binding into 
bundles. Tlie flax is thus dropped on the ground in windrows and is pitched to the 
wagon from the windrow. 

In the Dakotas flax is sometimes sown on virgin prairie sod (broken in June), 
when no other crop could be profitably grown. The figures here presented are not 
applicable to such conditions. 

Table XX. — Cost of producing flax — stuhhU plowing, stacked from loindrow. 



Operation, 



Seed value 

Cleaning seed 

Plowing 

Dragging 

Seeding 

Weeding 

Cutting (binder) 

Turning 

Stocking 

Thrashing (labor) .. 
Ca.sh icoFt thrnshing. 

Machinery cost 

Land rental 



Total. 



Marshall (Lyon County). 



Total acre- 
age, three 
years. 



Total cost. 



204. 
24. 
376. 
117. 
234. 



72 
9J 
59 
61 
27 



$163. 78 

2.00 

407. 16 

33.60 

73.09 



186. 06 
81.29 
119. 94 
123.58 
128. 24 



75. 20 

9.02 

96.28 

50.69 

156.70 



Cost per 
acre. 



$0,800 

.080 

1.C81 

.286 

.312 



Halstad (Norman County). 



Total acre- 
age, three 
years. 



.404 
.107 
.803 
.410 

1.222 
.356 

3.000 



8.861 



467. 57 
231.00 
472.49 
151.63 
467. 57 
142 39 
343. 77 



35.72 
35.72 
35.72 



Total cost. 



$368.35 
14.33 

483.04 
62.11 

122.47 
33.50 

108.76 



18.51 
11.30 
26.74 



Cost per 
acre. 



$0,788 
.062 
1.022 
.344 
.262 
.235 
.316 



.518 
. 31u 
.720 
.314 
1.800 



6. 727 



Note. — Average yields an<l Minneapolis cash prices for flax are given in note under 
Table XIX. 
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Table XXI. — (Jost of producing Jiax — stubble plo^umig, bounds shocked, and docked. 



Operation. 



Seed value 

Cleaning seed 

Plowing 

Dragging 

Seediiig 

Cutting (binder) 

Twine 

Shocking 

Stacking 

Thrashing (labor) .. 
Cash cost thrashing. 

Machinery cost 

Land rental 



Total 



Marshall (Lyon County). 



Total acre- 
age, three 
years. 



304.72 

24.90 

376.59 

117.61 

2:14.27 

24.18 

24.18 

24.18 

24.18 

20.50 

20.50 



Total cost. 



9163.78 

2.00 

407.16 

33.60 

78.09 

10.00 

5.12 

2.93 

16.47 

5.80 

33.60 



Cost per 
acre. 



$0.8C0 
.080 

1.081 
.286 
.312 
.411 
.212 
.121 
.081 
.283 

1.634 
.356 

3.000 



9.260 



Halstad (Norman County). 



Total acre- 
age, three 
years. 



44.81 
27.75 
44.81 
13.06 



Total cost. 



Cost per 
acre. 



m.29 
4.C3 
4.83 

5.03 



t!!0.364 
.145 
.098 
.385 



Note. — Average yields and Minneapolis cash prices for flax are given in not-e under 
Table XIX. 

Statistics on the cost of thrashing bundle flax on the Halstad route were not col- 
lected by the route statistician at that place. Harvest flgures at Halstad are given a» 
supplements to the statistics from the small acreage of flax at Marshall that wa^ 
handled by this method. 

Table XXII. — (hst of producing fodder com planted thirk for forage — aU and nhocked 

in the field. 



Operation. 



Manuring 

i*eed value 

Plowing 

Dragging 

Planting (horse planter) 

Planting (grain drill ) 

Cultivating 

Cutting (binder) 

Shocking, tying 

Twine 

Machinery cost 

Land rental 



Northfield (Rice County). 



Total acre- 
age, three 
years. 



181. 16 
194.54 
173.76 
184.85 
166.59 



166.01 
167. 98 
167.98 
148.44 



Total cost. 



$329.32 

53.88 

230.67 

98.13 

48.45 



175.30 

103.73 

82.52 

75.07 



Total, 



Cost per 
acre. 



Blalstad (Norman County). 



Total acre- 
age, three 
years. 



Total cost. 



•0.727 

.277 

1.327 

.531 

.291 



201.87 
245.98 
288.32 



1.056 

.618 

.491 

.506 

1.202 

3.500 



201.37 
283.64 
184.58 
129.99 
89.34 



10. 526 



Cost per 
acre. 



«135.32 
280.77 
156.60 



52.59 

357.04 

115.93 

76.12 

37.59 



$0,672 

1.141 

.543 



.261 
1.259 
.628 
. •«oo 
.421 
.765 
1.800 

8.076 



LARGE FARM IN NORTHWESTERN MINNESOTA. 



Operation. 



Seed value 

Plowing 

Dragging 

Planting (grain drill).. 

Cultivating 

Cutting (binder) 



Total 






acre- 


Total 


Cost 


age, 


Po^t 


per 


three 




acre. 


years. 






118.86 


$42.50 


$0,358 


118.86 


99.51 


.837 


118.86 


37.82 


.318 


118.86 


33.27 


.280 


118.86 


257.12 


2.163 


118.86 


57.00 


.480 



Operation. 



Shocking, tying. 

Twine 

Machinery cast.. 
Land rental 



Total 



Total 
acre- 
age, 
three 
years. 



118.86 
118. b6 



Total 
cost. 



$34.87 
26.64 



Cost 

per 

acre. 



$0.29;^ 

.224 

.765 

1.800 



7.518 



Note. — Forty per cent of the total cost of manuring is charged to the com crop 
(see note under Table XV). 

The average yield of fleld-cured fodder com on the farms of the Northfield route 
is between 2} and 2| tons per acre and at Halstad 3 tons per acre. The yield of 
fodder com at Halstad was obtained by weighing the bundles in several shocks^ 
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thus obtaining the avera^je weight per shock, and then estimating the yield per acre 
by multiplying this figure into the total number of shocks in the field. Yields at 
Northfield were obtained from wagon-scale weights. 

The feeding value of a ton of field-cured fodder com is estimated by T. L. Haecker 
at $4.90 as compared with timothy hay at $6 a ton. 

The machinery cost for a fodder com crop on the large farm in northwestern Min- 
nesota has not been accurately determined, as only one crop of fodder com has been 
cut since statistics have been kept on that farm. Machinery cost has, therefore, 
been substituted from the Halstad route. 

Fodder com cut and shocked in the field has no market value until hauled to the 
barn or feed lot. The cost of hauling fodder from the fields is between $1.50 and $2 
per acre, varying with distance from barn, ease of loading, etc. 

Table XXIII. — Cost of producing fodder com planted thick for forage — cut^ shocked, 

and stacked in the farmstead. 



Operatiou. 



Manuring 

Seed value 

Plowing 

Dragging 

Phintii g (horse planter) 

Cultivating 

Cutting(corn binder) . . . 



Northfield (Rice 


County). 


Total 






acre- 
age, 
three 


Total 


CJostper 


cost. 


acre. 


years. 






181.16 


$329.32 


$0,727 


-94.54 


53.88 


.277 


173.76 


230.67 


1.328 


184. a") 


98.13 


.531 


16i.6i) 


48.45 


.291 


166.01 


175 ?0 


1.056 


167.98 


103.73 


.618 



Operation. 



Shocking, tying 

Twine 

Hauling and stacking. 

Machinery cost 

Land rental 



Total 



Northfield (Rice 
County). 



Total 
acre- 
age, 
three 
years. 



167.98 
148.44 
119.61 



Total 
cost. 



$82.52 

75.07 

199.79 



Cost per 
acre. 



$0,491 

.506 

1.670 

1.202 

3.500 



12. 197 



Note. — Forty per cent of the total cost cf manuring is charged to the corn crop 
(see note under Table XV). Yield and cash value per ton of fodder corn are given 
in note under Table XXII. 



Table XXIV. 



■Cost of producing hay — timothy and clover (two cuttings). 
FIRST CROP. 



Operation. 



Seed value 

Hewing 

Raking 

Ckx^k^ng and npreading. 

Hauling in 

!Machinery cost 

Land rental 



Northfield (Rice County). 



Total 

acreage, 

three 

years. 


Total 
cost. 



Cost per 
acre. 



Total 



574. 4 ^ ! $187.46 i 
449.43 80.10 



51 \ 72 
422. 53 



104. 15 
433.23 



$0,301 
.326 
.178 
.202 

1.025, 
.440 

3.500 



5.972 



SECOND CROP. 



Mowing , 

Baking 

Cocking— spreading 
Hauling in 



Total 



166.03 

152.03 

47.18 

118.23 



$35.65 
16.80 
10.04 
53.81 



$0,215 
.111 
.213 
.455 



.994 



Total cost per acre, two cuttings $6,966 

Note. — The seed value was determined as follows: Amount sown, timothy, 8 
pounds; clover, 4 pounds, at 3 cents and 16 centH, respectively, making the total ooet 
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per acre $0,904. Dividing this sum by 3 for three years of grass gives the annual 
cost per acre 10.301. 

Two cuttings of timothy and clover hay yield from 2 to 2J tons per acre on the 
North field route. Prices in the local market range from $5 to $10 per ton. The 
feeding value of timothy and clover hay (two-thirds clover and one-third timothy) 
is estimated by T. L. Haecker at $6.35, as compared with timothy at 



Table XXV. — Cost of producing hay — millet. 



Operation. 



Northlleld (Rice 
County). 



Total 
acre- 
age, 
three 
years. 



Seed value ; 13. GI 

Flowing : 15. 1 

Dragging 15. 01 

Heeding 12. 07 

Mowing , 13. 64 

Raking 12. 07 

Haul ing in i 13. 6 1 

Stacking I 

Machinery coHt 

I-«nd rental ! 



Marshall (Lyon 
County). 



«6.47 
16. 29 
5.?7 
4.54 
6.27 
1.81 
20. 18 



$0,474 
1.083 
.397 
.376 
.460 
.150 
2.140 



.004 
3.500 



64.56 
27. 9 > 
71.51 
64.56 
55. n 
15.75 



54.11 



Total I ' ' 9. 184 



1 




Total 




Total 
cost. 


Cost 

per 

acre. 


acre- 
age, 
three 


Total 
cost. 






years. 





Cost 

per 

acre. 



022.46 
34.91 
31.90 
20.35 
22.36 
5.32 



81. 74 



80. 348 
1.24 J 
.417 
.315 
.406 
.333 



1,511 

.543 

3.000 



8.1G2 



Halstad (Norman 
County) . 



Total 
acre- 
age, 
three 
years. 



138.97 
1 '^S. 72 
178.46 
1S8.97 
78. 11 
78.11 



86.46 



Total 
cost. 



»144. 25 
210. J-O 
67. 75 
48.69 
33.99 
14.80 



47.19 



Cost 

per 

acre. 



IK). 763 
1.117 
.380 
.•258 
.435 
.189 



.546 

.485 
1.800 



5.973 



Note. — The yield of hay from common millet grown on all the routes is from 1 
to 1 J tons per acre. Millet hay has no regular sale in the local markets. The food 
value of well-cured millet hay is nearly comparahle with timothy hay. The higher 
cost of production for millet hay, as compared with timothy and clover, makes it an 
unprofitable crop to grow except as a catch crop. As a catch crop it has great 
value, because of its early maturing qualitien. Millet can not be classed with timothy, 
bromus, clover, and alfalfa in beneficial effect on soil fertility and on the physical 
texture of soils. 

Table XXVI. — Cost of j)rodtimng hay — nrild grassfs. 



Operation. 



Mowing 

Raking 

Cocking— spreading 

Hauling in 

Stacking and hauling in . . 

Machinery cost \ 440 

Land rental | 3. 600 



Northfield (Rice 
County). 



Total 
acre- 
age, 
three 
years. 



Total 
cost. 



70.89 
60.29 
53.83 
46.88 



$27.87 

11.50 

8.04 

55.06 



Cost 

per 

acre. 



$0,306 

.191 

.149 

1.174 



Total ' I 5.850 



Marshall (Lyon 
County). 



Total 
acre- 
age, 
three 
years. 



511.08 
511.08 
315. 49 



478.36 



Total 
cost. 



Cost 

]»er 

acre. 



$205.76 

132. 63 

22. 90 



509. L3 



$0.4C3 
.260 
.073 



1.065 

.378 

3.000 



5.179 



Halstad (Norman 
County). 



Total 
acre- 
age, 
three 
years. 



666.10 
566.lv) 



566.10 



Total 
cost. 



$146. 15 
89.16 



715.69 



Cost 

per 

acre. 



$0,258 
.157 



1.264 
.333 
.860 



2.872 



k • - 



FIRLD CROPS IN MINNESOTA. 



49 



Table XXVI. — Cost of producing hay — mid grasses — Continued. 

LARGE FARM IN NORTHWESTERN MINNESOTA. 



Operation. 



Mowing 

Raking and bunching. 

Stacking 

Machinery cost 

Liand rental 



Total 

acreage, 

two 

years. 



81.25 
81.25 
41.25 



Total 
cost. 



S30.18 
12.61 
21.94 



Total 



Cost per 
acre. 



«0.371 

.155 

.532 

.228 

1.000 



2.286 



Note. — Yields of wild hay range from 1 ton per acre to 1 J tons on all the routes. 
Prices ia local markets usually range from $2.50 to $4 per ton. The feeding value of 
wild hay is estimated by T. L. Haecker at $5.78 per ton, as compared with timothy 
at $3 per ton. 

The wild hay crops at Halstad and on the large farm in northwestern Minnesota 
are cut from low-lyin^ sections of land that are unfit for cultivation until they are 
drained. Such wild lands can be rented for meadows for 75 cents to $1.25 per acre. 
The wild hay crops at Northfield and Marshall are cut from small fields of unbroken 
prairie sod and small pockets and undrained sloughs on improved farms. Whenever 
such meadows exist on improved farms they are included in the valuation per acre 
of the farm and must be debited with the same rental value as improved land. 
Growing wild hay on improved farms is bad farm management and causes an appre- 
ciable loss in the profits of the farm. Wherever wild hay i3 grown it puts a stop to 
systematic crop rotation, because if hay h grown continuously on the lowlands grain 
nciust be grown continuously on the uplands. Tame grasses not only yield a much 
larger product of forage per acre than the wild grasses, but they improve the pro- 
ductivity of the soil when properly rotated with the grain and cultivated crops. 

Table XXVII. — Cost of producing hay — timothy. 





Large farm in northwestern 
Minnesota. 


Operation. 


Total 

acreage, 

three 

years. 


Total 
cost. 


Cost per 
acre. 


Seed value 






SO. 090 


Mowing 


77.7 
77.7 
77.7 
77.7 


$22.39 
10.93 
11.16 
47.48 


.288 


Raking 


.141 


Cocking — spreadin&r 


.144 


Statiking at barn 


.611 


Machinery cost 


.228 


Land rental 






1.800 










Total 






3.302 


1 





Note. — Seed value was determined as follows: Twelve pounds of seed per acre at 
3 cents equals 36 cents. Dividing this STim by 4 for four years of grass gives 9 cents 
per acre per crop. 

Yields of timothy hay on the large farm in northwestern Minnesota rarely exceed 
1 ton per acre, owing to the aged and sod-bound condition of the meadows. Timo- 
thy gives better yields when sown with clover, one or two crops cut for hay, and 
then either broken up or pastured. 

Prices for timothy hay in the local markets range from $4 to $7 per ton. Timothy 
hay at $6 has been made the basis for computing the cash feeding values of all kinds 
of roughage published in this bulletin. 
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Table XXVIII. — Cost of jyroducing mangels. 



Operation. 



Manuring 

Plowing 

Harrovringand planking. 

Planting 

</Ost of seed (42i^ pounds 
at 15 cents) 

Wheel hoeing (twice) ... 

Hand hoeing and thin- 
ning 



Minnesota Experiment 
Station. 


Acre- 
age, 
1902 
and 
1905. 


Total 
cost. 


Cost 

per 

acre. 


4.25 
4.25 
4.25 
4.25 


910.540 
5.100 
4.633 
2.456 


$1,488 

1.200 

1.090 

.578 


4.25 
4.25 


6.375 
12.100 


1.600 

2.847 


4.25 


30.670 


7.193 



Operation. 



Cultivating (horse) 

three times 

Harvesting and storing . 

Machinery cost 

Jjand rental 



Minnesota Experiment 
Station. 



Acre- 
age. 
1902 
and 
1905. 



J. 25 
4.25 



Total 
cost. 



$4,925 I 
56.270 



Cost 

per 

acre. 



$1,159 

13.240 

.286 

3.500 



Tota 1 1 34. C81 



Note. — The above table represents the cost per acre of producing mangels; the 
various operations and amounts of labor being taken from records at the Minnesota 
experiment farm for the years 1902 and 1905, and the labor converted into terms 
of cash with rates of wages obtained on farms at Northfield, Minn, (see Table IV). 

Manure was spread at the rate of 16 tons per acre and 60 per cent of the total cost 
of manuring is charged to the mangel crop (see Table XV). Well-prepared clover 
sod will usually give the best possible seed-bed for mangels. The average yield of 
the two crops was 20 tons per acre. The feeding value of a ton of mangels is esti- 
mated by T. L. Haecker at $1.30, as compared with timothy at $6. 

Table XXIX. — Cost of producing millet — cut for seed. 



Operation. 



Seed value 

Cleaning seed 

Plowing 

Disking 

Dragging 

Seeding 

Cutting (binder) 

Twine 

Shocking 

Stacking , 

Stack-thrashing (labor), 

Cash cost thrashing 

Machinery cost 

Land rental 



Total. 




Northfield (Rice County). 



Total 
cost. 



n.l6 



3.10 

3.10 

3. 10 I 

3.10 

3.10 

3.10 

3.10 

3.10 

3.10 



3.86 
1.05 
1.05 

.82 
1.40 
1.08 

.50 



Cost per 
acre. 



$0,374 



1.245 
.33D 
.339 
.261 
.452 
.348 
.161 
.903 

1 015 



.443 
3.500 



9.383 



Halstad (Norman County). 



Total 




acreage, 


Total 


three 


cost. 


years. 




34.53 


$22.70 


16 01 


.25 


34.53 


38.33 


30.75 


7 49 


34.63 


9.C5 


2.12 


.53 


2.12 


.49 


2.12 


.35 


2.12 


1.20 


2.12 


1.06 


2.12 

























Cost per 
acre. 



80.657 

.016 

1.110 



244 
.279 
.260 
.231 
.165 
.566 
.500 
.424 
.342 
1.800 



6.584 



Note. — Millet grown for seed does not improve the soil for succeeding crops as do 
such crops as clover, alfalfa, and timothy. The relation of this crop to soil fertility 
is much the same as that of the cereal crops. 



FIELD CBOPS IN MINNESOTA. 



51 



Table XXX. — Cost of produmig oats on fall plowing. 



Oi>eratioii. 



Northfield (Rice County). 



Marshall (Lyon County). 



Seed value 

Cleaning seed 

Plowing 

Dragging 

Seeding 

Weeding 

Cutting 

Twine 

Shocking 

Stacking ..w 

Stack-thrashing 

(labor) 
Cash cost threshing 

Machinery cost 

Land rental 



Total 



Total 
i acreage, 
I three 

years. 



2,293.02 
1,455.57 
1,927.90 
1,927.90 
2,369.28 



2,359.50 
1,364.90 
2,289.57 
1,028.44 
1,028.44 

1,028.44 



Total 
cost. 



•2,205.19 

30.01 

2,371.81 

497.88 

571.89 



896.24 
514.56 
361.62 
788.81 
650.41 

890.00 



Cost 

per 

acre. 



80.962 

.021 

L230 

.258 

.241 



.380 
.377 
.158 
.767 
.632 

.865 

.446 

3.500 



9.837 



Total 

acreage, 

three 

years. 



996.95 
491.68 

1,313.57 
985.56 

1,078.84 



1,039.36 
992.57 
938.39 
918.81 
603.76 

608.76 



Total 
cost. 



Cost 

per 

acre. 



9929.42 

15.90 

1,437.56 

164.92 

271.04 



339. 77 
318.02 
135.74 
696.13 

187.58 

751. 77 



SO. 932 

.032 

1.094 

.167 

.251 



.327 
.320 
.145 
.649 
.311 

L245 

.856 

3.000 



8.829 



Halstad (Norman 
County). 



Total 

acreage, 

three 

years. 



879.03 
416.30 
752.65 
842.24 
879.03 
168.55 
864.32 
519.61 
815.75 
426.38 
168.20 

168.20 



Total 
cost. 



$527.06 

2L43 

855.52 

232.28 

226.71 

4.53 

295.11 

94.57 

106.52 

194.73 

39.20 

80.48 



Cost 

per 

acre. 



$0,600 
.a*)] 
1.137 
.276 
.258 
.027 
.341 
.182 
.130 
.457 
.238 

.478 

.344 

L800 



6.314 



LARGE FARM IN NORTHWESTERN MINNESOTA. 



Operation. 



Seed value 

Cleaning seed... 

Plowing 

Dragging 

Seeding 

Cutting (binder) 

Twine 

Shocking 



Total 






acre- 


Total 


Cost 


age, 
three 


cost. 


per 
acre. 


years. 






386.21 


$237.69 


SO. 615 


386.21 


12. 74 


.033 


886.21 


824 03 


.839 


386.21 


97.28 


.252 


386.21 


89.26 


.231 


386.21 


126.58 


.328 


386.21 


i'6 51 


.224 


386.21 


49. C5 


.127 



Operation. 



Shock-thrashing (labor) . 
Values consumed in 

thrashing rig 

Machinery cost 

Land rental 



Total 
acre- 
age, 
three 
years. 



217.49 



Total 



Total 
cost. 



S198.62 



Cost 

per 

acre. 



to. 913 

.288 

.228 

1.800 



ft. 878 



Note. — The average yield of oats on the Northfield farms during the years 1902, 
1903, and 1904 was 47 bushels; Marshall, 47 bushels; Halstad, 29} bushels; and on 
the large farm in northwestern Minnesota 3ii bushels. The average cash price for 
No. 3 white oats at Minneapolis during the years 1902, 1903, and 1904 was 36 cents. 

Table XXXI. — Cost of producing oats o7i disked corn stubble. 



operation. 



Seed value 

Cleaning seed 

Breaking and burn 

ing stalks 

Disking 

Dragging 

Seeding 

Cutting (binder)... 
Twme 



Northfield (Rice County). 



Total 

acreage, 

three 

years. 



2,293.02 
1,456.57 

209.56 

545.84 

273.43 

2.369.28 

2,3.'>9.50 

1,364.90 



Total 
cost. 



$2,205.19 
30.01 

42.20 
141.69 

69.77 
571.89 
896.24 
514.56 



Cost 

per 

acre. 



$0,962 
.021 

.201 
.260 
.255 
.241 
.380 
.377 



Operation. 



Shocking 

Stacking 

Stack-thrashing (la- 
bor) 

Cash cost thrashing. . 

Machinery cost 

Land rental 



Total 



Northfield (Rice County) 



Total 




acreage, 
three 


Total 

cost. 


years. 





2,289.57 
1,028.44 

1,028.44 
1,028.44 



$361.62 
788.81 

650.41 
890.00 



Cost 

per 

acre. 



$0,158 
.767 

.682 

.865 

.383 

3.600 

9.002 



Note. — Yields and cash prices for oats are given in note under Table XXX. 
Tables XXX and XXXI clearly show that it costs about 80 cents per acre less to 
prepare com stubble land for grain by disking than by plowing. The cost of disk- 
ing com land as shown in this table is based upon one disking only. If the disk is 
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lapped each round, or if cross-disking is practiced, tho total cost of disking per acre 
will range from 50 cents to 75 cents. Since the yields are also better and fewer 
weeds ripen where the oats are planted on the side of the furrow slice that was 
cleared of weeds by cultivating the corn crop the previous year than on the land 
inverted by the plow, there is a double reason for seeding the grain on the disked 
corn stubble. Where grass seeds are sown with the grain there is the third advan- 
tage of securing a better stand, due to the fact that the roots of small grass plants 
thrive better in the compacted lower half of the furrow slice than in recently 
plowed soil. 

Tablb XXXII. — Cost of producing potatoes — garden cultivation. 



Operation. 



Seed value 

Plowing 

Dragging 

Planting (hand) 

Cultivating 

Hoeing 

Spraying 

Digging (hand) . 
Machinery cost-. 
Land rental 



Total 



Korthfield (Rice 
County). 



Total 
acre- 
age, 
three 
years. 



18.11 
11. 07 
8.59 
17.26 
16.69 
11. 9a 
15.97 
18. 26 



Total 
cost. 



m.34 
17. 79 
7.90 
56. ft5 
28.36 
34. i8 
23.83 
98.70 



Cost 

per 

acre. 



83.939 
1.607 

.920 
3. 276 
1.709 
2. 865 
1.492 
6. 405 

.212 
3.500 



Marshall (Lyon 
County). 



24. 925 



Total 
acre- 
age, 
three 
years. 



8.82 

5.62 

5.62 

12. 92 

11.66 



3.68 
12.92 



Totel 
cost. 



«37.68 

7.92 

3.66 

40.88 

45.94 



8.92 
101.63 



Cost 

per 

acre. 



$4. 272 

1.4 9 

.6 1 

3.164 

3.940 



2. 424 

7.864 

.166 

3.000 



26.890 



Halstad (Norman 
County). 



Total 
acre- 
age, 
three 
years. 



3.35 

1.44 

.50 

4.06 



2.06 
5.29 
3.96 



Total 
cost. 



520.78 
4.37 

.212 
16 27 



4.37 

5.25 

26.60 



Cost 

per 

acre. 



S6.233 

3.035 

.424 

4.007 



2.121 
.992 

6.717 
.195 

1.800 



25.494 



LARGE FARM IN NORTHWESTERN MINNESOTA. 



Operation. 



Seed value 

Plowing, harrowing, and 

furrowing 

Cutting seed 

Planting (hand ) 

Cultivating and hoeing. 
Spraying 



Total 






acre- 


Total 


Cost 


age, 


cost. 


per 


one 




acre. 


year. 






1.09 


36.40 


«5.872 


L09 


3.07 


2.817 


L09 


.68 


.5.i2 


L09 


5.87 


6.385 


1.09 


7.fO 


6.972 


L09 


1.17 


1.073 



Operation. 



Paris green 

Digging (hand) 
Machinery cost. 
Land rental 



Total 



Total 
acre- 
age, 
one 
year. 



1.09 
1.09 



Total 
cost. 



«L26 

6.28 



Cost 

per 

acre. 



$1,147 

4.844 

.046 

L^OO 



"30.488 



Note. — The statistics presented in this table can not be considered applicable to 
the commercial culture of potatoes. These figures have been taken from email fields 
of potatoes on a number of farms where potatoes are grown merely to supply the 
needs of the family. The average yiel<l of potatoes growu under these conditions is 
very small, ranging from 75 bushels to 100 bushels per acre. The potatoes grown 
under these condtions are not thoroughly sprayed for blight or for protection against 
potato beetles. The cost of digging and picking up the potatoes is small, owing to 
the light yields. 

It is to be regretted that statistics on the cost of producing potatoes on a commer- 
cial scale can not be presented in this bulletin. The cost of production can be mate- 
riallv reduced below the figures given in this table by the use of machines for planting, 
spraying, and harvesting the crop. Planting by machinery can be done for al)Out 
60 cents an acre, spraying four times with copper sulphate and Paris green for $3 60, 
and the crop can be harvested with a potato digger (including picking up) for about 
$3.75 per acre. 
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Potatoes can be produced commercially for about $19 per tLcre on land valued at 
$60 per acre, nob including the cost of marketing. One hundred bushels per acre at 
20 cents will pay the cost of production. Yields of 200 bushels or over can be grown 
on many Minnesota soils if the crop and the soil are properly handled. 

The possibilities in potato culture are not realised as yet by the farmers of Minne- 
sota. In many regions of Minnesota, where corn can not be easily matured, the 
potato crop for food, starch, and alcohol purposes can be substituted for corn as a 
cultivated crop, and not only yield a handso^ne profit )>ut clean the land for suc- 
ceeding grain crops. 

Table XXXIII. — Cost of producing rye — spring-sown. 



Operation. 



Seed value 

Cleaning seed... 

Plowing 

Dragging 

Seeafng 

Cutting (binder) 

Twine 

Shocking 



Large farm in north- 


western Minnesota. 


Total 






acre- 


Total 


Cost 


J^^' 


cost. 


per 


three 


acre. 


years. 






163. 3G 


$144.20 


SO. 883 


' .^.36 


11.44 


.070 


163 36 


137.06 


.839 


163.36 


36.76 


.225 


163.36 


54.73 


.335 


163.36 


67.77 


.415 


163.36 


24.67 


.151 


163.36 


20.63 


.126 



Operation. 



Shock-thrashing (labor) . 
Values consumed in 

thrashing outfit 

Machinery cost 

Land rental 



Total 



Large farm in north- 
western Minnesota. 



Total 
acre- 
age, 
three 
years. 



52.67 



Total 
cost. 



$38.43 



Cost 

per 

acre. 



$0,730 

.^ 

.228 

1.800 



6.090 



Note. — ^The average yield per acre of this crop grown on the large farm in north- 
western Minnesota, k x903 was 10.7 bushels. Minneapolis cash prices for rye dur- 
ing 1903 averaged 4?;* cents; during 1904, 68 cents. Spring rye is rarely grown in 
Minnesota, because of the poor yield commonly obtained and because of the pre- 
vailing prices, usually lower than wheat. It is a valuable crop, however, to grow 
on land badly infested with wild oats, because of its early maturity. The crop can 
be cut before many of the wild oats shell out, and thus clean a great matiy seeds 
from the land. The average yield of winter rye on the Minnesota experiment farm 
for the past five years has been 39 bushels per acr^. To securo the best results with 
winter rye in Minnesota, this grain should be sown not later than September 1, on a 
well compacted seed bed. 

Table XXXIV. — Cost of producing timothy — cut for seed. 



Operation. 



Seed value , 

Gutting (binder) 

Twine 

Shocking 

Stacking 

Stack-thrashing. 
Shock-thrashing 
Machinery cost . 
Land rental 



Total 



Korthfield (Rice County). 



TotHl 

acreage, 

three 

years. 



5.99 
5.99 
4.14 
3.58 
5.99 



Total 
cost. 



1.09 

.69 

1.60 



Cost per 
acre. 



).0«0 
.5fi2 

.182 
.167 
.447 
.775 



.254 
8.500 



5.957 



Large farm in northwestern 
Minnesota. 



Total 

acreage, 

three 

years. 



77.7 
77.7 
77.7 



Total 
cost. 



S25.50 

11.60 

7.13 



Cost per 
acre. 



90.090 
.828 
.148 
.092 



1.481 

.140 

1.800 



4.079 



Note. — Seed value was determined as follows: 12 pounds of seed per acre at 3 
cents equals 36 cents. Dividing this sum by 4, for four years of grass, gives 9 cents 
per acre per crop. 
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Yields of timothy seed range from 5 to 10 bushels per acre on these faians. The 
actual yield on the large farm in northwestern Minnesota was 5.8 bushels per acre. 
Farm prices for timothy seed range from $1 to $1.50 per bushel. 

Table XXXV. — Chat of producing wheat on fall plovrhig. 



Operation. 



Marshall (Lyon County). 



2,167.81 
8,394.83 
3,492.17 



Seed value 

Cleaning seed 

blowing 

^raf^ing 

Speeding 

Weeding 

Cutting (binder) 

Twine 

Shocking 

^tacking 

Stack-thrashing (labor) 

Cash cost thrashing 1, 104. 64 

Machinery cost 

Land rental 



Total 

acreage, 

three 

years. 



3,075,63 



92,979.05 



3,601.88 
3.017.83 
3,174.76 
2,259.22 
1,104.64 



Total. 



Total 
cost. 



2,194.04 
542.66 
796.32 



1,068.30 
902.23 
321.34 

1,097.13 
271.57 
797.06 



Cost per 
acre. 



S0.9G9 



1.012 
.160 
.228 



.311 
.299 
.101 
.486 
.246 
.722 
.356 
3.000 



7.890 



Halstad (Norman County). 



Total 

acreage, 

three 

years. 



4,248.15 
4,017.32 
3,883.63 
4,236.15 
4,248.15 
3,50L44 
4,209.03 
2,126.25 
4,209.03 
1,86J.19 
718.05 
718.05 



Total 
cost. 



$3,420.91 

1U6.11 

4,117.62 

1,139.40 

1,145.52 

278.27 

1,388.22 

377.37 

508.66 

823.78 

143.28 

244.90 



Cost per 
acre. 



90.805 
.02& 

1.060 
.269 
.270 
.079 
.330 
.177 
.121 
.441 
.199 
.341 
.344 

1.80U 



6.262 



LARGE FARM IN NORTHWESTERN MINNESOTA. 



Operation. 



Total 

acreage, 

three 

years. 



Seed value : 'SJOI^il 

Cleaning seed 3;198. 41 

Plowing :f 3,?00.41 

brag&ring ! 3,200.41 

Seeding .('3,200.41 

Wte.ing 3,200.41 

Cutting (binder) i 3, 200. 41 

Twine 3,:00.41 

Shocking 3,200.41 



Total 
cost. 



92,869.05 

51.37 

2,685.14 

863.40 

763.22 

99.21 

1,032.16 

579.27 

411.86 



Cost 

per 

acre. 



90.896 
.017 
.833 
.270 
.238 
.031 
.323 
.181 
.129 



Operation. 



Shock-thrashing 
(labor) 

Values consumed in 
thrashing rig 

Machinery cost 

Land rental 



Total 

acreage, 

three 

years. 


Total 
cost. 


1,536.8-. 


895.10 



Total 



Cost 

per 

acre. 



90.583 

.289 

.228 

L8C0 

5.824 



Note. — The average yield of wheat at Marshall during the years 1902, 1903, 1904, 
and 1905 was 14.5 bushels; at Halstad, 13.3 bushels. These yields of wheat are below 
the average for these sections of Minnesota. The rust epidemic of 1904 and the wet 
year of 1905 reduced the yields by fully one-third. The average cash price for No. 1 
northern wheat in Minneapolis during the years 1902, 1903, and 1904 was 85 cents. 

The average yield of wheat in Minnesota for the years 1895 to 1904i according to 
the Bureau of Statistics of the U. S. Department of Agriculture, was 14.3 bushels, 
having an average farm value of $8.87 per acre.^ The cost of marketings wheat is 
25 cents to 50 cents per acre, leaving a net profit per acre of about $2 to the farmer 
producing wheat on improved farms in Minnesota. The margin of profit is some- 
what greater on the big wheat farms, as the cost of production is usually less than 
that on the smaller farms. 

Wheat can be grown in Minnesota to much greater profit if rotated with other 
field crops, as suggested in fig. 9. The same methods employed in growing wheat 
on $30, $40, and $50 land as were employed in the early days of continuous grain 
growing on $10 land will yield littlo or no net profit, and the future grain growers 
of the Northwest must realize this fact if wheat is to be grown successfully and 
profitably. 



a See Yearbook of the U. S. Department of Agriculture, 1904, pp. 64^, 648, 



FIELD OBOPS IN MINNESOTA, : . 55 

> APPLIOATIOK OF STATISTIOS OOKOEBKING THE BUSINESS OF 
FARMING TO PROBLEMS IN FARM MANAGEMENT. 

It is not the purpose of this bulletin to discuss at any length the 
problems of farm and crop management. As previously stated, cost 
of production in agriculture, as well as in all other industries, is the 
basic point from which the management and conduct of the business 
can best be studied. Profit and loss should determine all methods of 
management, and it is hoped that the statistics presented in this bulle- 
tin on cost of production, if properly interpreted, will be of much 
^felue to teachers and practical farm managers, in outlining methods 
of fann and crop management. 

A few problems in farm management are presented herewith; statis- 
tical analysis is applied to them, and conclusions are drawn, with the 
purpose of illustrating the use of business system in solving problems 
in farm organization and farm management. The problems presented 
are everyday problems which arise in the conduct of the farm, anfl 
concerning which little exact information has heretofore been obtain- 
able. Local conditions of soil, adaptability of crops to the climate, 
toads, markets, etc., all affect the various problems of farm 
management. 

PROBLEMS IN THE RENTING AND LEASING OP FARM LANDS' (CHARGES 

FOR PIECEWORK. 

More definite knowledge concerning the business of farming wilT be 
of advantage to both tenant and landlord in the leasing of farm lands. 
Both parties entering into a contract of this sort should know more 
concerning the possibility of profits in various systems of management^ 
concerning the value of man and horse labor on farms, and the depre- 
ciation charges for machinery. In contracting for piecework on 
farms the depreciation charges for machinery per acre, the actual cost 
of horse labor, and other similar information will be found useful in 
making a just and equitable agreement. 

SHOCK-THRASHING VS. STACKING AND STACK-THRASHING. 

It is a-well-known fact that stacking largely prevents the deteriora- 
tion in the quality of all ^mall grains. Wheat, oats, and barley, when 
thrashed from the stack, have better color, plumper kernels, and a 
smaller percentage of sprouted and weather-damaged seeds than when 
thrashed -from the shock. It costs more, however, to stack and stack- 
thrash the grkin than to thrash directly from the shock, and it is a 
much-disputed question whether the benefits of stacking are sufficient 
to pay for the additional cost. Statistics on this problem are sbowu: 
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in Tables XXXVI to XLI, and have especial merit in that they have 
been collected from farms in the same neighborhood where wages and 
prices p^id for thrashing are the same. 

Tablb XXXVI. — Wheat ihroMng — cost per acre. 

MARSHALL (LYON COUNTY). 





Shock-thrashed. 


Stacked and stack-thrashed. 


Item. 


Acres. 


Total 

COKt. 


Coft per 
acre. 


Acres. 


Total 
cost. 


Cost per 
acre. 


l^t)or^8tackinfF 








2,259.22 
1,104.64 
1,101.64 


$1,097.13 
271.57 
797.06 


to. 486 


Labt)r — t hrHshinir •. 








.246 


rhra8hii% bill 








.722 












Total 












1.454 

















HALSTAD (NORMAN COUNTY). 



L;ilK)r'^6tack{nK' 








1,869.19 
718.05 
718.05 


98:3.78 
ll3.2:i 
214.90 


90.441 


1 ^b<>r-Vthrashinflr 


531>13 
631.13 


9226.81 
2J4.44 


90.426 
.385 


.199 


Thrasfiinli bill 


.341 






Total 






.811 






.981 















Note. — Kate per bushel paid to owner of machine was 5 cents at MarFhall and 3^ 
c^nt^ at Haldtad. At Marshall the owner of the machine furnished a larger propor- 
tion of the thrashing crew than at Northfield or Halstad. 

Tablb XXXVII. — Oats thrashinff — cost per acre. 

NORTHFIELD (RICE COUNTY). 



Item. 



Ldbor— ntaclcinff . , 
L>il>or7>thrii8hiiig, 
ThraHtHng l^ill . . . 



Total. 



Lafepr— stacking . . 
LttDor— t hrashing . 
Thrashing t)ill 



Total. 



Shock-thrashed. 



Acres. 



1,278.4 
1,2;«.4 



Total 
cost. 



91,315.41 
1.107. (19 



Cost per 
acre. 



91.0:.9 
.866 



1.893 



Stacked and stack-thrashed. 



Acres. 



1,028.44 
1,028.44 
1,028.44 



Total 
cost. 



9JPS. SI 
630.41 
890.00 



Cost per 
acre. 



130.69 
130.69 



I 



9^16.40 
70.80 



90.432 
.542 



.97^ 



426.38 
168.20 
168.20 



9194.78 
89.20 
80.48 



90.767 
.632 
.865 



2.J64 



w* 


* 

MARSHALL (LYON COUNTY). 








LaborrT-stacking 






918.81 
603.76 
C03.76 


9606.13 
187.58 
760.74 


90.649 


LaboY — tfirashiug 


• 


1 


.317 


Thrashing bill 




1 


1.260 


. *■ 










Total 




1 






2.22S 


v 




1 








HALSTAD (NORMAN COUNTY). 



90.457 
.233 

.4; 8 



L168 



Note. — Rate per bushel paid to owner of machine was 2 cents at Northfield, 3 cents 
at Marshall, and 2 cents at Haldtad. 
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Table XXXVIIL — Barley thrashing — cost per a/yre. 
NORTHFIELD (RICE COUNTY). 



Item. 



Labor— etacking . . 
Laboi — bu rashing , 
Thrashing bill.... 



Total. 



Shock-thrashed. 



Stacked and stack-thrashed. 



Acres. 



113.08 
72.11 



Total 

COttt. 



$97.30 
44.66 



Cost per I . 
acre. Acres. 



Total 
cost. 



$0,860 
.619 



1.479 



128.93 
113.42 
128.93 



$72.89 
60.59 
72.84 



Cost per 
acre. 



$0,565 
.534 
.565 



1.664 



MARSHALL (LYON COUNTY). 



Labor — stackinsr 






787.03 
634.60 
750.18 


$460.60 
148.30 
819.94 


$0,672 


r^^hnr — thifViHIiifir 








.250 


Thrashing bill 








1.093 












Total 










1.924 















HALSTAD (NORMAN COUNTY). 



Labor — stackinsr 








258. 79 
142.77 
142.77 


$120.81 
28.24 
55.34 


$0,467 


Labor — thrashing , 


127.90 
127.90 


$76.37 
64.86 


$0,597 
.507 


.198 


Thrashing bill 


.388 






Total 






1.104 






1.058 















Note. — Rate per bushel paid to owner of machine waa 2 oentfi at Northfield, 2 cents 
at Ualstad, and 3i cents at Marshall. 

Table XXXIX. — Flax thrashing — cost per acre, 

NORTHFIELD (RICE COUNTY). 





Thrashed from windrow. 


Thrashed f rem stack. 


Item 


Acres. 

149. 71 
149. 71 


1 


Unbound. Bound. 




Total 
cost. 


Cost per 
KCie. 


Acres. 


Total 
cost. 


Cost 
■per 
acre. 


Acres J TS,^' ''^^ 
^^^' i acre. 


Labor— thri hing 


$214.99 
134.03 


$1,436 

.895 






( 


Ca&h cost— thrasning . 








1 












Total 






2.331 








i 














j 1 



MARSHALL (LYON COUNTY). 



Labor— 8tacking 








119.94 
123.58 
128.21 


$96.27 

50.69 

156. 70 


$0,103 

.410 

L222 


24.18 
20.60 
20.50 


$16.47 

O.80 

83.60 


$0,681 


Lab )r^thrahhinif 








.283 


Cash cost — thrashing. 








1.634 












Total 












2.435 






2.598 





















HALSTAD (NORMAN COUNTY). 



Labor— stack in? 








^^72 
35.72 
35.72 


$18.51 
11.30 
25.74 


$0,518 
.316 
.721 








Laborw-thrabhlng 


151. 81 
151.81 


$121. 89 
135.82 


$0,803 
.895 








Cash cost— thrashing. 
















Total 






1.698 






L555 

























Note. — Rate per bushel paid to owner of machine was 8 cents at Northfiold, 10 
cents at Marshall, and 8 cents at Ualstad. 
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Tables XXXVl to XXXIX illustrate, in a general way, the compara- 
tive cost of shock-thrashing grain per acre and stack-thrashing grain. 
The cost is less under both methods at Halstad than at Marshall or 
Northfield, on account of the more powerful and eflScient machinery 
employed and on account of smaller yields making a smaller thrashing 
bill. A comparison on the basis of cost per acre is not absolutely 
exact and conclusive unless the yield per acre is the same for those 
fields thrashed from the shock and from the stack in anv communitv. 
The comparative cost of thrashing grain by different methods, to be 
absolutely exact, should be determined by the varying amounts of 
labor necessary to the diflFerent methods, the cash cost per acre (based 
upon yield and rate paid per bushel for thrashing) being a constant 
factor in each case. In the actual work of collecting statistics on this 
subject it is impossible to secure records from an acreage of grain 
thrashed from the shock where the yield per acre will be exactly the 
same as from another acreage stacked and stack-thrashed. To avoid 
this diflficulty the cost of thrashing grain by various methods may be 
placed on a more comparable basis by considering the labor cost per 
acre alone, or by reducing the entire cost to the cost per bushel instead 
of the cost per acre. The labor cost of thrashing a crop of grain by 
any method will not vary with yield to the same extent that the cash 
cost or thrashing bill will vary. The amount of labor per acre 
involved in thrashing a 40-bushel crop of oats, for example, will 
vary but little from the amount necessary to thrash a 50 bushel 
crop, whereas the cash cost or thrashing bill varies by 2 cents per 
bushel with every bushel of diflference in yield. Thus, labor cost 
forms an equitable basis for the comparative study of methods of 
thrashing grain as illustrated in Table XL, providing the various 
methods are compared in the same farming regions. The comparative 
cost of thrashing grain per bushel by various methods is shown in 
Table XLI. Here the cash cost of thrashing is a constant factor 
for each method, and, by reducing the amounts of labor per acre nec- 
essar}" to each method to the basis of amounts per bushel and adding 
this to the cash cost per bushel, a more accurate comparison of meth- 
ods is made than when comparisons are made on the acreage basis. 

Table XL. — Labor cost per acre of thrashing grain. 



Crop. 



Route. 



Shock- 
thrashed. 



Stacked 
and stack- 
thrashed. 



Wheat Marshall . . 

Wheat Halstad... 

Oats Northfield 

Oats Marshall . . 

Oats ' Halstad 



SO. 426 
1.029 



Barley. 
Barley. 
Barley. 
Flax... 
Flax. . . 
Flax. . . 



Northfield 
Marshall . . 
Halstad . . . 
Northfield 
Marshall . . 
Halstad . . . 



.432 
.860 



.597 



00.732 
.640 

1.399 
.966 
.690 

1.099 
.831 
.665 



Thrashed 

from 
windrow. 



Stacked 
from wind- 
row and 
stack- 
thrashed. 



Bundle 
fiax stack- 
thrarfied. 



91.436 



.803 



«1.213 
.834 



9o;^ 
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Table XLJ. — Cost per bushel of thrashing grain. 



Crop. 



Routo. 



Wheat 
Wheat 
Oats.. 
Oats . . 
Oats.. 
Barley 
Barley 
Barley 
Flax.. 
Flax.. 
Flax.. 



Marshall . . 
Halstad . . . 
Northfield 
Marshall.. 
Halstad . . . 
Northfield 
Marshall . . 
Halstad . . . 
Northfield 
Mar»:hall . . 
Halstad . . . 



Shock- 
thrashed. 



I Stacked 
Stacked i Thrashed from wind- 
and stack- ' from i row and 
thrashed, j windrow, i stack- 
' I thrashed. 



Bundle 
flax stack- 
thrashed. 



$0,074 
.043 



.036 
.048 



,044 



$0,101 
.101 
.052 
.053 
.049 
.059 
.062 
.054 



«0.208 ,, 



Ab'l 



?0.199 
.172 



%). ir)9 



Note. — ^Table XLI indicatea the fact that the additional cost of stacking and stack- 
thrashing wheat, oats, barley, and flax can be met, and in some cases exceeded, by 
a difference of one grade in the quality of the grain marketed. The average differ- 
ence in price between No. 1 Northern wheat and No. 2 Northern is about 2 cents, 
and the difference in the cost per bushel of thrashing wheat from the shock and 
from the stack is approximately 2| cents, as indicated by the statistics collected at 
Halstad. The average difference in price between No. 3 or No. 4 malt barley and 
No. 1 feed barley is 2 cents to 4 cents per bushel, and the difference in the cost per 
bushel of thrashing barley from the shock and from the stack is 1.1 cents at North- 
Held and 1 cent at Halstad. 

The possibility of improving the grade of grain enough to pay for 
the additional cost of stacking and stack-thrashing depends in any 
locality upon the availability of machines, the availability of labor, and 
the climatic conditions prevailing at harvest. Intelligent stacking of 
grain during a majority of Minnesota harvests is cheap insurance 
against bleached, sprouted, and bin-burnt grain. If the weather is 
favorable and a machine can be put in the field as soon as the grain is 
fit to thrash, a slight saving will be made as compared with stacking 
and stack-thrashing. On the other hand, if the shocks must weather 
for several days or in some cases several weeks before a machine can be 
obtained, the loss in grade is considerable, and stacking the grain 
would have been profitable. 

On a majority of the small farms in Minnesota the labor question 
must also be taken into consideration, in discussing the relative merits 
of shock and stack-thrashing. At stacking time a small crew with the 
home teams can stack the grain, while if the grain is to be thrashed 
out of the shock a large crew and a large number of teams must be 
had at a very busy season. If a rainy spell comes at this season of 
the year, the minute the grain is drv stacking can begin with the 
regular help, whereas if shock-thrashing is to be done the grain must 
stay out and risk another wetting while the machine and the necessary 
labor are being brought together. Exchanging help for shock-thrash- 
ing usually prevents early fall plowing, a practice which is very 
important in Minnesota with all stubble laud not seeded to grass, 
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The conclusion may be drawn that for a majority of Minnesota 
farms producing grain under the prevailing conditions of climate, 
availability of labor and machines, stacking and stack-thrashing of 
grain is better farm management than shock-thrashing. This is par- 
ticularly true of all grain intended for seed. 

FORAGE PRODUCTION ON MINNESOTA FARMS. 

Many forage crops have be^n tried in Minnesota and ha^e not 
proved as profitable for the general conditions of the State as corn, 
timothy, red clover, and alsike. Alfalfa and bromus are valuable 
forage plants in permanent meadows and pastures, but corn, red 
clover, and timothy have become the standard forage crops in Minne- 
sota because of hardiness, productivity, adaptability to rotations with 
other crops, and the case with which good stands may be secured. 

In growing such field crops as clover, timothy, and fodder corn, 
which ordinarily have no market value and must be marketed in live- 
stock products, preference should bo given to the crop that, under the 
givtn conditions, will yield the largest money value in digestible 
nutrients per acre above the expense for production. Good princi- 
ples of farm management will modify this statement somewhat from 
the fact that soil fertility, eradication of weeds, etc., demand crop 
rotation, and in the long run it is better management to grow several 
classes of forage crops in the rotation than to grow one forage crop 
continuousl3\ Crop failures and the exigencies of the season also 
modify this statement in that they force upon the farmer the neces- 
sity of growing "catch crops" or quick-maturing crops in some sea- 
sons. Fodder corn thickly sown is a valuable forage crop, not only on 
account of the largo product por acre, but because of its value as a 
cleaning crop and as a catch crop which may be sown late in the sea- 
son. Red clover is valued not only as a food for domestic animals 
but as a crop which greatly benefits the chemical and physical condi- 
tion of the soil for succeeding crops. Timothy, although it usually 
yields less cured forage per acre than corn or red clover, is valued for 
its ease of seeding, hardiness, and persistent growth. 

Soil and climate arc potent factors which influence the yields of 
forage crops, and yields secured iax)ne locality may not be possible 
under conditions which prevail in other localities. Corn when thickly 
grown as a fodder crop and field cured or stored in the silo usually 
gives larger yields per acre in Minnesota than either clover or timothy, 
though seasons of excossive rainfall occasionally raise the yields of 
timothy and clover to the equivalent of fodder-corn yields. The cost 
of producing an acre of fodder corn, however, is considerably higher 
than for the clover and timothy hay, and cost of production as well as 
yield must be considered in the selection and growing of forage crops. 
The cost of producing forage is an exceedingly important factor in 



TIELD OBOPS IN MINNESOTA. 61 

determining the net profits which may be secured in feeding live 
stock, for in the methods of feeding practiced on most Minnesota 
farms one-half to two-thirds of the cost of the ration during the six 
winter months is made up ^f the cost of roughage. 

As cost of production represeiits the farm value of most forage 
crops, and as forage crops constitute from one-half to two-thirds of 
the winter food of live stock, the importance of the cost of producing 
roughage as a factor in live-stock production becomes apparent. 
Maximum net profit is not necessarily a corollary of maximum gross 
product obtained by growing and feeding that forage crop which 
yields the largest product per acre. The greatest net profit results 
from the widest margin between cost of production and gross product. 
Intensive methods of agriculture, by means of which a large number 
of animals can be supported on a small acreage, will not 3ueld a greater 
net profit per acre than diversified or extensive methods of farming if 
the large gross product has been obtained at such an increased cost 
of production as leaves the margin between covst of production and 
gross product smaller than in case of the less intensive farming with 
a less proportionate cost of production. 

The relation which cost of production bears to the net profits in 
feeding the product from a given area of land devoted to the growth 
of various forage crops is shown in the accompanying Tables XLII- 
LII. The statistics on the cost of producing mixed clover and timothy 
hay and fodder com were gathered on the Northfield statistical route 
in Rice County, Minn. The statistics on the cost of producing ensi- 
lage and mangels were determined by converting the amounts of labor 
on these crops at the Minnesota Agricultural Experiment Station into 
terms of cash by using the rates of wages for the Northfield farms. 
Detailed accounts of the cost of producing these crops are given in 
Tables XVIII, XXIII, XXIV, and XXVIII. The figures on gross 
products of cows, labor in caring for the cattle, and their grain rations 
are taken from records on a large dairy farm at Northfield, Rice 
County, Minn., and are here used merely to show the methods of 
using those figures in making comparisons of the relative profits from 
forage crops. The comparative cash values per ton of the various 
forage crops are taken from experimental data compiled by T. L. 
Haecker, professor of dairy husbandry at the Minnesota Agricultural 
Experiment Station. These cash values are based on comparisons of 
nutritive value and digestibility of forage crops as compared with 
ground concentrates — as coro, barley, oats, and bran — and are com- 
pared directly with timothy hay at $6 per ton. 

The statistics presented herewith on cost of production are based 
upon 2-ton yields for hay, 3 tons for fodder corn, lOi tons for corn 
ensilage, and 20 tons for mangels. Yields of timothy and clover hay 
at Northfield range from 2 tons to 2i tons per acre, and fodder corn 
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from 2i to 3 tons per acre. For ten years the average yield of clover 
and timothy hay on the Minnesota experiment farm has been 2.7 tons, 
and of field-cured fodder corn 3.8 tons. Three tons of hay can be pro- 
duced for nearly the same expense as 2 tor^, and 4 tons of fodder corn 
ior approximately the same cost as 3 tons. As statistics are not avail- 
able at the present writing on the cost of production for a varying 
tonnage, the same cost of production per acre for a given crop has 
been used in- all tables comparing forage crops, in the knowledge that 
it will not vary more, usually much less, than 50 cents per acre from 
the figures based on tonnage, and will not therefore materially affect 
the general conclusions. 

For purposes Of showing methods of making comparative studies 
between forage crops, a yield of 2 tons per acre for two cuttings of 
clover and timothy has been taken as a basis for comparison, and T. L. 
Haecker's calculated feeding values of forage crops have been utilized 
as a basis for determining the number of animals that can be furnished 
forage from a given acreage of the various forage crops compared. 
Feeding records from the farms at Northfield show that 10 acres of 
clover and timothy, producing a total product of 20 tons, will furnish 
sufficient roughage for 10 cows for the six winter months, November 
to May. The calculated cash value of the nutrients in this product is 
$127. (Table XLII.) When fodder corn yields 3 tons per acre, the 
calculated cash value of the nutrients from 10 acres is $147. If $127 
worth of nutrients in hay will furnish forage for 10 cows for six 
months, $147 worth of nutrients in fodder corn will furnish forage for 
11 cows for six months ($127 : 10 :: $147 : x, or 11). 

More stock can be supported per given area of land with fodder corn 
yielding 3 tons per acre than with hay yielding 2 tons per acre; but 
because gross receipts are thus increased, it does not follow that the 
net receipts are also increased. The cost of producing the forage 
must now be taken into consideration, and the accompanying tables 
show the relation which cost of producing forage crops bears to net 
profits from the varying number of cows which it is possible to sup-^ 
port on a given acreage of land with the various forage crops compared 
at average, maximum, and minimum yields. Product, labor, and grain 
rations per cow are constant factors in these tables of comparison, 
whereas the cost of forage per cow is variable, the variation arising 
from the difference in the cost of producing the respective forage crops. 
In order to show the influence which cost of producing forage has 
upon the profits in feeding cattle and thus to compare the relative 
profits from various forage crops, the entire profits arising from the 
manufacturing of grain and forage into milk products are reduced 
finally to profit per acre of forage croD. 
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Table XLII. — Ten acres of clover and timothy hay at 2 ions per acre v, ten acres of 

fodder com at 3 tons per acre. 

[Fed to cows of high productiveness—average butter-fat product per cow for 6 raontjis = $33.90.] 

1. Comparative Net Values of Food Nutrients. 

Clover and timothy: 

To cost of producing 10 acres hay, at $6.97 $69. 70 

By value 10 acres hay, 20 tons, at $6.85 $127.00 

Net value of food nutrients.... 57.80 

127.00 127.00 
Fodder corn: 

To cost of producing 10 acres fodder com, at $12.20 122. 00 

By value 10 acres fodder corn, 30 tons, at $4.90 147. 00 

Net value of food nutrients 25.00 

147.00 147.00 
2. Comparative Cost op Roughage per Cow. 

Cost per cow for hay roughage 6 months $6.97 

Cost per cow for fodder-corn roughage 6 months 11 .09 

3. Comparative Net Profits. 

Clover and timothy — 10 cows supplied roughage for 6 months from 10 
acres: 

By cash— product 10 cows 6 months $339. 00 

To interest charges (10 cows, at $40), $400 at 5 per cent per an- 
num for 6 months $10. 00 

To labor, 10 cows 6 months 105. 00 

To grain rations, 10 cows 6 months 71. 00 

To cost of producing hay roughage 69. 70 

Net profit 88.80 

339.00 339.00 
Fodder com — 11 cows supplie<l roughage for 6 monthn from 10 acres: 

By cash — product 11 cows 6 months 372. 90 

To interest charges (11 cows, at $40), $440 at 5 per cent per an- 
num for 6 months 11. 00 

To labor, 11 cows 6 months 115. 50 

To grain rations, 11 cows 6 months 78. 10 

To cost of producing fodder-corn roughage 122. 00 

Net profit 46.80 

372.90 372.90 

Note. — The net profit derived from feeding the product of ten acres of clover and 
timothy hay, yielding 2 tons per acre, to ten cows is $37 greater than the profit in 
feeding the product of ten acres of fodder corn, yielding 3 tons per acre, to eleven 
cows. On an acreage basis the profit from the hay crop amounts to $8.33 per acre 
and from the fodder corn $4.63, or a difference of $3.70 per acre in favor of the hay 
crop. The margin between the total expense and the gross product has been so 
greatly influenced by the cheap cost of hay production that the net profit is greater 
for ten cows than for the eleven cows which have been fed the more expensive 
roughage. 

63.^5— No. 48—06 5 
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Tablb XLIII. — Ten acref* of clover and timothy hay at 2 tans per acre v. ten a^cree ofjod- 

der com at Si ions per acre, 

[Fed to cowft of high productiveness— average bntter-fat product per cow for 6 month9=»$33.90.] 
1. Comparative Net Values op Food Nutrients. 

Ck)ver and timothy: 

To cost of producing 10 acres hay, at $6.97 $69. 70 

By value 10 acres hay, 20 tons, at $6.35 $127.00 

Net Talne of food nutrients 57.80 

127. 00 127. 00 

Fodder com: 

To cost of producing 10 acres fodder com, at $12.20 122. 00 

By value 10 acres fodder com, 35 tons, at $4.90 171. 50 

Net yalae of food nutrients..., 49.60 

171.50 171.50 
2. Comparative Cost op Roughage per Cow. 

Cost per cow for hay roughage 6 months $0.97 

Cost per cow for fodder-com roughage 6 months 9.88 

3. Comparative Net Propits. 

« 

• 

Clover and timothy — 10 cows supplied roughage for 6 months from 
10 acres: 

By cash — product 10 cows 6 months $339. 00 

To interest charges (10 cows, at $40), $400 at 5 i)er cent per an- 
num fof 6 months .-,. $10.00 

Tolal:)or, 10 cows 6 mcmths 105.00 

To grain rations, 10 cows 6 months 71. 00 

To cost of producing hay roughage 69. 70 

Net profit 88.80 

339. 00 339. 00 

Fodder com — 13 cows supplied roughage for 6 months from 10 
acres: 

By cash — product 13 cows 6 months 440. 70 

To interest charges (13 cows, at $40), $520 at 5 percent per an- 
num for 6 months 13. 00 

To labor, 13 cows 6 months 136. 50 

To grain rations, 13 cows 6 months 92. 30 

To cost of producing fodder-corn roughage 122. 00 

Net profit 76.90 

440. 70 440. 70 

Note. — The net profit derived from feeding the product of ten acres of clover and 
timothy hay, yielding 2 tons per acre, to ten cows is $6.40 greater than the profit in 
feeding the product of ten acres of fodder com, yielding 3J tons per acre, to thirteen 
cows. On an acreage basis the profit from the hay crop amounts to $8.33 per acre 
and from the fodder corn $7:69, or a difference of 64 cents per acre in favor of the 
hay crop. The margins between total expense and gross product are nearly identical 
when hay yields 2 tons per acre and fodder com 3} tooa. 
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Table XLIV. — Ten acres of clover and iimcthy hay at S tons per acre v. ten acres of 

fodder corn at 4 tons per acre, 

[Fed to cows of high productiveness— average butter-fat product per cow for 6 month8=>:$33.90.] 

1. Comparative net Values op Food Nutrients. 

Clover and timothy: 

To cost of producing 10 acres hay, at $6.97 $69. 70 

By value 10 acres hay, 20tons, at$6.35 $127.00 

Net yalae of food nutrients 57.80 

127.00 12100 
Fodder com: 

To cost of producing 10 acres fodder, at $12.20 122. 00 

By value 10 acres fodder, 40 tons, at$4.90 , ... 19^.00 

Net Yalae of food nutrients 74.00 

196.00 196.00 

2. CoftH»ARATIVE CoST OP RoUGHAGE PER CoW. 

Cost per cow for hay roughage 6 months 96. 97 

Cost per cow for fodder-corn roughage 6 months 8. 18 

3. Comparative Net Profits. 

Clover and timothy — 10 cows supplied roughage for 6 months 
from 10 acres: 

By cash — product 10 cows 6 months $339. 00 

To interest charges (10 cows, at $40), $400 at 5 per cent per an- 
num for 6 months $10.00 

To labor, 10 cows 6 months 105.00 

To grain rations, 10 cows 6 months 71. 00 

To cost of producing hay roughage 69. 70 

Net profit 88.80 






339. 00 339. 00 
Fodder com — 15 cows supplied roughage for 6 months from 10 

acres: 

By cash — product 15 cows 6 months 508. 60 

To interest charges (15 cows, at $40), $600 at 5 per cent per 

annum for 6 months 15. 00 

To labor, 15 cows 6 months 157. 50 

Tograin rations, 15 cows 6 months 106.50 

To cost of producing fodder-corn roughage 122. 00 

Net profit 107.50 

508. 50 508. 50 

Note. — Fodder com yielding 4 tons per acre increases the margin of profit from 
ten acres of this crop fed to fifteen cows to a point where the profit is $24.20 greater 
than that derived from ten acres of hay yielding 2 tons per acre and fed to ten cows. 
On an acreage basis the profit from the hay crop amounts to $8.33 per acre and from 
the fodder corn $10.75, or a difference of $2.42 per acre in favor of the fodder-corn 
crop. 

This table and Tables XLII and XLIII indicate clearly that when fodder com is 
raised and fed to highly productive cows the yields of this crop must be nearly 
double those of clover and timothy, in order to yield equal profits. 
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Table XLV. — Ten acres of clover and timothy at ^J toii» per acre v. ten acres of fodder 

earn at 4 tons per acre. 

[Fed to cows of high pro<.luctiveiu;ss — avemKC biUtor-fut pnxhici pt-r cow f(>r mouths =^.90.] 

1. Comparative Net Values of Food Nutrients. 

Clover and timothy: 

To cost of producing 10 acres hay, at %^.\)'i $69. 70 

By value 10 acres hay, 25 tons, at $6.35 $158.75 

Net value of food nutrients 89.05 

158. 75 158. 75 

Fodder corn: 

To cost of producinj? 10 acres fodder, at $12.20 122. 00 

By value 10 acres fodder, 40 tons, at $4.90 196. 00 

Net Talue of food nutrients 74.00 

196. 00 196. 00 
2. Comparative Cost of Rough ac^e per Cow. 

Cost per cow for hay roughage 6 months $5.21 

Cost per cow for fodder-corn roughage 6 inonthn 8.13 

3. Comparative Net Profits. 

Clover and timothy — 12 cows supplied roughage for 6 mouths from 
10 acres: 

By cash — product 12 cows 6 months $406. 80 

To interest charges (12 cows, at $40), $480 at 5 \)^y cent per an- 
num for 6 months $12. 00 

To labor, 12 cows 6 months 126. 00 

To grain rations, 12 cows 6 months 85. 20 

To cost of producing hay roughage 69. 70 

Netproflt 113.90 

406.80 406.80 

Fodder corn — 15 cows supplied roughage for 6 months from 10 acres: 

By cash — product 15 cows 6 months 508. 50 

To interest charges (15 cows, at $40), $600 at 5 per cent per an- 
num for 6 months 15. 00 

To labor, 15 cows 6 months 157. 50 

To grain rations, 15 cows 6 months 106. 50 

To cost of producing fodder-corn roughage 122. 00 

Netproflt 107.60 

508.50 508.50 

Note. — Clover and timothy hay yielding 2^ tons per acre will produce enough for- 
age on ten acres to support twelve cows six months, and yield a net profit $6.40 
greater than that derived from fifteen cows fed roughage in the form of fodder corn 
yielding 4 tons per acre. On an acreage basis the profit from the hay crop amounts 
to $11.39 per acre, and from the fodder corn $10.75, or a difference of 64 cents in 
favpr of the hay crop. 
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Table }LLVt.^—Teit acres of fodder coi-u at ^i lui^ per acre v. tea acres of emtUage 

com at lOi tons per acre, 

[Fed to cows of high productiveness—average butter-fat product per cow for 6 monthB=»1^.90.] 

1. Comparative Net Valubs of Food Nutrients. 
Fodder com: 

To cost of producing 10 acres fodder corn, at $12.20 $122. 00 

By value 10 acres fodder corn, 35 tons, at $4.90. $1 71. 50 

Net value of food nutrients 49.50 

171.50 171.50 
Ensilage: 

To cost of producing 10 acres ensilage corn, at $18.21 182. 10 

By value 10 acres ensilage, 105 tons, at $1.88 197. 40 

Net Talue of food nutrients 15.30 

^7.40 197. 40 
2. Comparative Cost of Roughage per C'ow. 

Cost per cow for fodder-corn roughage 6 months. $9.88 

(Jost per cow for ensilage roughage 6 months 12.14 

3. Comparative Net Profits. 

Fodder corn — 13 cows supplie<i roughage for 6 monthp from 10 
a-res: 

By cash — product 13 cows 6 months $440. 70 

To interest charges (13 cows, at $40), $520 at 5 per cent per 

annum for 6 months $13. 00 

To labor, 13 cows 6 months 136. 50 

To grain rations, 13 cows 6 months 92. 30 

To cost of producing fodder-corn roughage 122. 00 

Net profit 76.90 

440.70 440.70 
Ensilage — 15 cows supplied roughage for 6 months from 10 acres: 

By cash — product 15 cows 6 months 508. 50 

To interest charges (15 cows, at $40), $600 at 5 per cent per 

annum for 6 months 15. 00 

To labor, 15 cows 6 months 157. 50 

To grain rations, 15 cows 6 months 106. 50 

To cost of producing ensilage roughage 182. 10 

Net profit 47.40 

508.50 508.50 

Note. — ^The relative merits of fodder corn cured in the field as compared with 
corn stored in the silo are indicated in this table. A yield of lOJ tons of green fod- 
der corn is the equivalent of a yield of 3J tons of field-cured fodder. It should be 
remembered that the amount and digestibility of the food nutrients in the two foods 
form the basis for determining the comparative number of cows that may be fed on 
each product, and therefore the net profit. 

The net profit from thirteen cows fed field-cured fodder corn exceeds the profit 
from fifteen cows fed silage by $29.50 for six months. On an acreage basis the profit 
from the fodder-corn crop amounts to $7.69 per acre and from the ensilage $4.74, or 
a difference of $2.95 per acre in favor of the fodder corn. 

As is well known, a given acreage of fodder corn when cut and stored in the eilo 
will support more stock than when field cured. The high cost of producing ensi- 
lage, however ($18.21 an acre), reduces the margin of profit for fifteen cows in this 
instance below the margin of profit received from feeding thirteen cows the cheaper 
roughage in the form of field-cured fodder corn. 
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Tablb XL VII. — Ten acres of t'mothy and dover at S Urns per acre v. ten acres of fodder 
com at 5 tons per acre v, ten acres ensilage com at 15 tons per acre. 

[Ped to cows of high productiyeness— average butter-fat product per cow for 6 moiithfl«B|33.90.] 
1. Comparative Nbt Values of Food Niitbientb. 



Timothy and clover hay : 

To cost of producing 10 acres hay, at |6.97 $69. 70 

By value 10 acres hay, 30 tons, at $6. 35 $190. 50 

Net valne of food nutrients 120.80 

190.60 190.50 

Fodder com: 

To cost of producing 10 acres fodder com, at $12.20 122. 00 

By value 10 acres fodder corn, 50 tons, at$4.90 245.00 

Net valne of food nutrients 128.00 

245.00 245.00 

Ensilage corn: 

To cost of producing 10 acres ensilage corn, at $18.21 182. 10 

By value 10 acres ensilage com, 150 tons, at $1.88 282. (X) 

Net value of food nutrients 99.90 

282.00 282.00 

2. Comparative Cost of Rouohagb per Cow. 

Cost per cow for hay roughage d months 1 $4.68 

Cost per cow for fodder-corn roughage 6 months 6.42 

Cost per cow for ensilage roughage C months 8.28 

3. Comparative Net Profits. 

Timothy and clover hay — 15 cows supplied roughage for rt months 
from 10 acres: 

By cash — product 15 cows 6 months $508. 50 

To interest charges (15 cows, at $40), $600 at 5 per cent per 

annum for 6 months $15. 00 

To labor, 15 cows 6 months 157. 50 

To grain rations, 15 cows 6 months 106. 50 

To cost of producing hay roughage 69. 70 

Net profit 159.80 

508.50 508.50 

Fodder com — 19 cows supplied roughage for 6 months from 10 acres: 

By cash — product 19 cows 6 months 644. 10 

To interest charges (19 cows, at $40), $760 at 5 per cent per 

annum for 6 months 19. 00 

To labor, 19 cows 6 months 199.50 

To grain rations, 19 cows 6 months 134. 90 

To cost of producing fodder-corn roughage i 122. 00 

Net profit 168.70 

644.10 644.10 
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Bnsilage com — 22 cows supplied roughage for 6 months from 10 acres: 

By cash — product 22 cows 6 months 1745.80 

To interest charges (22 cows, at $40), $880 at 5 per cent per 

annum for 6 months $22.00 

To labor, 22 cows 6 months 231.00 

To grain rations, 22 cows 6 months 156.20 

To cost of producing ensilage roughage , 182. 10 

Net profit 154.60 

745.80 745.80 

NoTB. — ^This table compares the profits in feeding clover and timothy hay, fodder 
com, and ensilage from a given area of land producing maximum yields of each for- 
age crop. 

Fodder com yielding 5 tons to the acre returns a greater net profit than either the 
hay crop or ensilage at the given yields. On an acreage basis the profit from the 
hay crop amounts to $15.98 per acre, from the fodder corn $16.87, and from the ensi- 
lage $15.45, or a difference of 89 cents per acre in favor of the fodder com as com- 
pared with hay, and $1.42 per acre as compared with ensilage. 

Table XLVIII. — Nine and one-half acres of clover and timothy hay at £ tons per mare 
and one-half axyre of mangels at 16 tons per acre v. 10 acres of ensilage com at 10 ton* 
per acre. 

[Fed to cows of high productivenesfH-average butter-fat product per cow for 6 monthH=$SS.90.] 
i. COMPABATIVE NeT VaLUBS OP FoOD NUTRIENTS 

Clover and timothy and mangels: 

To cost of producing 9i acres hay, at $6.97 $66. 22 

To cost of producing J-acre mangels, at $34.081 17. 04 

By value 9 J acres hay, 19 tons, at $6.35 $120.65 

By value J-acre mangels, 8 tons, at $1.30 10. 40 

Net value of food nutrients 47.79 

131. a5 131.0ft 
Ensilage: 

To cost of producing 10 acres ensilage, at $18.21 182. 10 

By value 10 acres ensilage, 100 tons, at $1.88 188.00 

Net yalne of food nutrients 5.90 

188.00 188.00 

2. COMPABATIVE CoST OP BoUGHAQB PER CoW. 

Cost per cow for hay and mangels roughage 6 months $6.88 

Cost per cow for ensilage roughage 6 months 18.01 

3. Comparative Net Profits. 

Glover and timothy and mangels — 10 cows supplied roughage for 6 
months from 10 acres: 

By cash — product 10 cows 6 months $339.00 

To interest charges (10 cows, at $40), $400 at 5 per cent per 

annum for 6 months $10.00 

To labor, 10 cows 6 months 105.00 

To grain rations, 10 cows 6 months 71.00 

To cost of producing hay and mangels roughage 83. 26 

Net profit 09.74 

, 339.00 339.00 
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Ensilage — 14 cows supplied roughage for 6 months from 10 acres: 

By. cash — ^product 14 cows, 6 months $474. 60 

To interest charges (14 cows, at $40), $560 at 5 per cent per 

annum for 6 months $14. 00 

To labor, 14 cows, 6 months 147. 00 

To grain rations, 14 cows 6 months 99. 40 

To cost of producing ensilage roughage 182. 10 

Netproflt 32.10 

474.60 474.60 

^OTE. — MangelH are not grown to any extent in the Middle Weston account of the 
high cost of production, and because popular credence is given to the statement that 
green food in the form of ensilage can be prepared much cheaper. An average yield 
of mangels of 16 tons per acre is used in this table in comparison with hay at 2 tons 
and ensilage corn at 10 tons per acre. This table compares the relative profits from 
feeding a given acreage of hay, and an additional feed of 8 pounds to 10 pounds of 
roots, with ensilage feeding. Ten acres of land will produce roughage in the form of 
ensilage (at 10 tons per acre) for fourteen cows for six months, and the same acreage 
devoted to hay and mangels (nine and one-half acres of hay and one-half acre man- 
gels) will furnish roughage for ten cows for six months. The net profit, however, 
is in favor of the hay and mangels by $37.64, owing to the less proportional cost of 
production to gross product. On the basis of acreage devoted to forage production 
the profit from the hay and mangel crops amounts to $6.97 per acre, and from the 
ensilage $3.21, or an increase in net profit per acre in favor of the hay and mangels 
of $3.76. 

The preceding tables, Nos. XLIl to XLVIII, illustrate most forci- 
bly the great influence which the cost of producing forage has upon 
the net profits derived from dairy cows. The relative net profits illus- 
ti'ated by these tables are not applicable to any and all herds of cattle, 
but illustrate in a general way the comparative effects of cheap and 
expensive forage on the net profits in feeding and managing live stock. 
The net profits will vary with the productive capacity of the animals 
fed and with market prices for products sold. With cows yielding a 
large gross product the net profits may be greater when a large num- 
ber of animals are fed expensive roughage from a given acreage than 
when a small number are fed cheap roughage from the same acreage. 
This fact is illustrated in Table XLIV and in fig. 11, and may be 
explained by the fact that when cows are highly productive the total 
product from a large number of animals is increased to that sum above 
the total expense, which leaves a greater margin of profit than is 
secured with a smaller number of cows that are fed at a much smaller 
expense. 

With cows of low productive capacity, however, the greatest net 
profit is usually secured with low expense, secured by feeding forage 
crops low in cost of production. This condition is explained by the 
fact that the expense of keeping "scrub cattle" can not be reduced in 
proportion to the decrease in product as compared with good cattle. 
Food of maintenance and labor cost of keep are approximately the 
same for a ^^oor cow as for a good cow. Interest charges and gmin 
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rations are usually less for the poor cow than for the good cow, but 
it is impossible for any feeder to reduce the total expense for a 
poor cow in proportion to the decrease in her product as compared 
with the product of a good animal. Thus, when gross product per 
animal is low and cost of producing forage is high, the margin of 
profit from a large number of cows is less than the margin of profit 
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Fig. 11. — The eflfects of cheap and expensive forage crops on the net profits from cows of high 

and low productiveness graphically illustrated. 

The chart is based on figures shown in Tables XLIV and XLIX. The black rectangles indicate 
profit or loss. When fed to cows yielding a large product, fodder com yielding 4 tons per acre and 
costing 812.20 an acre to produce is shown by 1 ana 2 in this chart to be more profitable than mixed 
clover and timothy hay yielding 2 tons per acre and costing 86.97 per acre to produce. The larger 
yields of fodder corn allow more cows to oe fed forage from a given acreage than in case of hay, and, 
with each additional cow fed forage in the form of fodder corn, the gross product is increased by 
S33.9D and the expenses by only 826.73. Thus the gross product increases with each additional cow 
fed on a given acreage at a faster rate than the expenses, and the net profit— or margin between 
expenses and gross product— is widened to a point which is greater than the net profit from ten cows 
fed the less expensive forage in the form of clover and timothy hay. 

When these same forage crops, under the same conditions, are fed to cows of lower productiveness, 
the results are the exact converse of those obtained from cows of relatively high productiveness. 
The gross product obtained from the cows of low productiveness, as shown in 3 and 4, is 61 per cent 
of the gross product obtained from the cows of relatively high productiveness, as shown in 1 and 2, 
and the expenses for production 78 per cent for those cows fed hay and 79 per cent for those fed fod- 
der com. It may be seen that the expenses for production— in case of the cows of low productive- 
nes.*! — have not been reduced in the same proportion as has the gross product as compared with cows 
of high productiveness. The net profltn, tnerefore, can not be as high as for the cows yielding a rela- 
tively high gross product, and the proportionately higher expenses for production when fodder com 
is fed inmcate that the smaller group of cows of low productiveness fed hay will return the greatest 
net profit. The larger yields of fodder corn permit more cows to be furnished forage from a given 
acreage, but when the cows are of low productiveness the gross product increases with each addi- 
tionalcow by 820.77 and the expenses for production by 821-13, and as the expenses increase at a faster 
rate than the gross product, the result is a small loss from the group of cows fed fodder com, whereas 
a small profit results from the smaller group of cows fed forage in the form of hay. 

from a smaller number of cows sustained on cheap forage. This fact 
is well illustrated in Tables XLIX, L, and LI, and in fig. 11, in which 
the net profit from a small group of poor cows fed cheaply is com- 
pared with the net profit from a larger group of poor cows fed on 
more expensive roughage. These tables are made up from statistics 
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collected at Northfield, Rice County, Minn., on a farm where the cows 
are less productive than those whose records have been used in Tables 
XLII to XLVIIL 

Table XLIX. — Ten acres of clover and timothy hay at a tons per airrj v. ten acres of 

fodder com at 4 ions per acre. 

[Fed to cows of low productiveness— average butter-fat product per cow for 6 m.onths=$20.77.] 

1. Comparative Net Values op Food Nutrients. 

Clover and timothy: 

To cost of producing 10 acres hAy, at $6.97 $69. 70 

By value 10 acres hay, 20 tons, at $6.35 $127. 00 

Net Yalae of food nutrients 57.30 

127. 00 127. 00 
Fodder com: 

To cost of producing 10 acres fodder, at $12.20 122. 00 

By value 10 acres fodder, 40 tons, at $4.90 196. 00 

Net value of food nutrients 74.00 

196. 00 196. 00 
2. Comparative Cost of Roughage per Cow. 

Cost per cow for hay roughage 6 months (6.97 

Cost per cow for fodder-corn roughage 6 months 8.18 

3. Comparative Net Return. 

Clover and timothy — 10 cows supplied roughage for 6 months from 
10 acres: 

By cash — product 10 cows 6 months $207. 70 

To interest charges (10 cows, at $28), $280 at 5 per cent per 

annum for 6 months $7. 00 

To labor, 10 cows 6 months 98.30 

To grain rations, 10 cows 6 months 24. 70 

To cost of producing hay roughage 69. 70 

Net profit 8.00 

207. 70 207. 70 
Fodder corn — 15 cows supplied roughage for 6 months from 10 acres: 

By cash — product 15 cows G months 311. 55 

To interest charges (15 cows, at $28), $420 at 5 per cent per 

annum for 6 months 10. 50 

To labor, 15 cows G months 147. 45 

To grain rations, 15 cows G mo:iths 37. 05 

To cost of producing fodder-corn roughage 122. 00 

Net loss 5.45 

317. 00 317. 00 

Note. — It may be seen from Table XLIX that when fodder com j'ields 4 tons per 
acre and clover and timothy hay 2 tons the profit is greatest for the hay, which has 
been fed to five cows less than the number to which fodder com was fed. 

On an acreage basis the profit from the hay crop amounts to 80 cents per acre, and 
the loss from the fodder corn amounts to 54 cents per acre — a difference of $1.34 per 
acre in favor of the hay crop. 

When the gross product of the cows was larjre, as in Table XLTV, the greatest 
profit was made from the fodder com. In Table XLIX it may be seen that the 
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gross product of the ten poor cows is 01 per cent of the gross product of the ten good 
cows (Table XLIV) and the total c::pcnse for the ten jjoor cows is 78 per cent of 
the total expense for the ten good cows. For the fifteen cows fed f( dder corn the 
gross product is 01 per cent of the product of the good cows, and the total expense 
79 per cent. 

Thus, while the gross products have decreased to CI per cent of the products of 
the good cows, the expenses have not decreased in the same proportion, an<l, 
moreover, the expense is proportionately less for the cows fed on hay than for 
those fed on fodder com; hence the greater net profit from those fed on hay. 

Table L. — Ten acres of fodder com at Si tons per acre v, ten acres of ensilage com at 10\ 

tons per acre. 

[Fed to cows of low productiveness— average butter-fat product per cow for 6 monthsai$a0.77.] 

1. Comparative Net Values op Food Nutrients. 
Fodder com: 

To cost of producing 10 acres fodder com, at $12.20 $122. 00 

By value 10 acres fodder corn, 35 tons, at $4.90 $171. 50 

Net value of food nutrients 49.50 

171.50 171.50 
Ensilage: 

To cost of producing 10 acres ensilage corn, at $18.21 182. 10 

By value 10 acres ensilage, 105 tons, at $1.88 197. 40 

Net value of food nutrients 15.30 

197. 40 197. 40 
2. Comparative Cost op Roughage per Cow. 

Cost per cow for fodder corn roughage G months $9.38 

Cost per cow for ensilage roughage 6 months 12.14 

3. Comparative Net Loss. 

Fodder corn — 13 cows supplied roughage for 6 months from 10 
acres: 

By cash — product 13 cows C months * $270. 01 

To interest charges (13 cows, at $28), $364 at 5 per cent per 

annum for 6 months $9. 10 

To labor, 13 cows C months 1 27. 79 

To grain rations, 13 cows G months 32. 11 

To cost of producing fodder-corn roughage 122. CO 

Net loss 20.99 

291.00 291.00 
Ensilage — 15 cows supplied roughage for 6 months from 10 acres: 

By cash — product 15 cows 6 months 311. 55 

To interest charges (15 cows, at $28), $420 at 5 per cent per 

annum for G months 10.50 

To labor, 15 cows C months 147. 45 

To grain rations, 15 cows C months 37. 05 

To cost of producing ensilage roughage 182. 10 

Net loss 65.66 

377. 10 377. 10 

Note. — In this comparison neither group of cows has created any net profits, but 
the loss is least for those animals fed on the cheapest forage. On an acreage basis 
the net loss from the fodder-corn crop amounts to $2.10 per acre and from the ensi- 
lage corn $6.55 per acre, or a difference of $4.45 per acre in favor of the fodder com. 
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The gross product of the thirteen poor cows fed fodder com is 61 per cent Of the 
gross product of the thirteen good cows, shown in Table XL VI, fed fodder com, and 
the total expense 80 per cent. For the fifteen poor cows fed ensilage, the gross prod- 
uct is 61 per cent of the gross product of the fifteen good cows shown in Table XLVI 
fed ensilage, and the total expense 82 per cent. Thus the total expense is propor- 
tionately less for the cows fed fodder corn than for those fed ensilage; hence, the 
net loss is least from the group of animals fed fodder com. 

Table LI. — Ten acres of dover and timothy at j^J tons per acre v. ten a^yres of fodder 

com at 4 tons per acre. 

[Fed to cows of low productiveness— average butter-fat product per cow for 6 luonths » $20.77.] 

1. Comparative Net Values of Food Nutrients. 

Clover and thnothy: 

To cost of producing 10 acres hay, at $6.97 $69. 70 

By value 10 acres hay, 25 tons, at $6.35 $158.75 

Net value of food nutrients 89.05 

158. 75 158. 75 
Fodder corn: 

To cost of producing 10 acres fodder com, at $12.20 122. 00 

By value 10 acres fodder corn, 40 tons, at $4.90. 196. 00 

Net value of food nutrients 74.00 

196. 00 196. 00 
2, Comparative Cost op Roughage per Cow. 

Cost per cow for hay roughage 6 months $5.81 

Cost per cow for fodder-corn roughage 6 months 8.18 

3. Comparative Net Return. 

Clover and timothy — 12 cows supplied roughage for 6 months from 
10 acres: 

By cash — product 12 cows 6 months $249. 24 

To Interest charges (12 cows, at $28), $336 at 5 per cent per 

annum for 6 months $8.40 

To labor, 12 cows 6 months 117.96 

To grain rations, 12 cows 6 months 29.64 

To cost of producing hay roughage 69.70 

Net profit 28.54 

249. 24 249. 24 
Fodder corn — 15 cows supplied roughage for 6 months from 10 
acres: 

By cash — product 15 cows 6 months 311. 55 

To interest charges (15 cows at $28), $420 at 5 per cent per 

annum for 6 months 10. 50 

To labor, 15 cows 6 months 147.45 

To grain rations, 15 cows 6 months 37. 05 

To cost of producing fodder-corn roughage 122. 00 

Net loss 5.46 

317.00 317.00 

THoTE. — With clover and timothy hay yielding 2} tons per acre enough forage can 
]>e produced on ten acres to support twelve cows for six months. Twelve cows of 
ymall productiveness when fed hay for forage give a net return of $23.54. Fifteen 
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COWS fed on foddei* com from the same acreage return no net profit, but are fed at a 
loss of 15.45. On an acreage basis the profit from the hay crop amounts to $2.t35 per 
acre and the net loss from the fodder com 54 cents per acre, or a difference of $2.89 
per acre in favor of the hay crop. 

The gross product of the twelve poor cows fed hay Is 61 pef cent of the gross 
product of twelve good cows fed hay, as shown in Table XLV, and the total expense 
77 per cent. For the fifteen poor cows fed fodder com the gross product is 61 per 
cent of the gross product of the fifteen good cows fed fodder com, as shown in Table 
XLV, and the total expense 79 per cent. 

Thus the total expense is proportionately less for the cows fed clover and timo- 
thy hay than for those fed fodder com and the margin of profit is greatest for the 
cows fed on hay. 

Table LII. — Relative net profits from ten acres of land devoted to the growth of forage 
crops and the product fed to cows of high and low productiveness. 



Forage crop. 



Clover and timothy 
Clover and ^iinotby 
CloVer and ttmothy 
Clover and timothy 
Clover and timothy 
Clover and liradthy 
Clover and timothy 
Clover and timothy 

Fodder c^m 

Fodder com 

Fodder corn 

Fodder obrn 

Fodder corn 

Fodder corn 

Fodder com 

Fodder corn 

Clover and timothy 

Mangels 

Clover and timothy 

Mangels 

Clover and timothy 

Mangels 

Clover and timothy 

Mangels 

Ensilage 

Ensilage 

Ensilage 

Ensilage 

Ensilage '... 

Ensilage 

Ensilage 

Ensilage 



Yield 

per acre, 

in tons. 



2 
2 

2i 

3 

3 

3 

3 

3i 

3i 

4 

4 

5 

6 

2 
16 

2 
16 

2il 
20 / 

21 
20 
10 
10 
lOi 
lOi 
12 
12 
15 
15 



Number 
of ani- 
mals led 
forage six 
months. 



} 



7 
7 

10 
10 
12 
12 
15 
15 
11 
11 
13 
13 
15 
15 
19 
19 

10 
10 
13 

13 

14 
14 
15 
15 
17 
17 
22 
22 



Produc- 


Gross 
product 


Total 


tivene&s of 


of cows, 


expense, 


animals. 


six 
months. 


SIX 

months. 


High 


$237.30 


$199.90 


Low 


145.39 


160.70 


High 


339.00 


255.70 


Low 


207.70 


199.70 


High 


406.80 


292.10 


Low 


249.24 


225.70 


High 


508.50 


348. 70 


Low 


311.55 


264.50 


High 


372.90 


326. 60 


Low 


228. 47 


265.00 


High 


440. 70 


363.80 


Low 


270.01 


291.00 


High 


508.50 


401.00 


Low 


311.55 


317.00 


High 


644.10 


475. 40 


Low 


394.63 


368.90 


High 


339.00 


269.26 


Low 


207.70 


213.25 


High 


440. 70 


325.05 


Low 


270.01 


262.25 


High..... 


474.60 


442.50 


Low 


290.78 


864.10 


High 


508.50 


461. 10 


Low 


311. 55 


377.10 


High 


576.30 


498.30 


Low 


353.09 


403.10 


High 


745.80 


591.30 


Low 


456.94 


468.10 



Net 

profit, six 

months. 



5^7.43 



Net 
loss, six 
months. 



83.10 

8.00 

113.90 

23.54 
159.80 

47.05 

40.30 



$15.31 



7b. 90 
107." 50' 



168. 70 
25.73 

69.74 



115.65 

17.76 
32.10 



47.40 
"78." 66" 
'i5i.'56" 



36. 53 

"'jo.'io 



5. i>5 



73.32 



65. 56 
"56.'6i 

'ii.'ie 



Note. — Figures on net profit and loss presented in this table have been determined 
by the methods shown in Tables XLIl to LI. 

An examination of those figures in Table LII showing the returns 
from the least productive cows reveals the important influence which 
cost of producing forage has upon the profits from cows yielding a 
low gross product. With such animals the margin of profit is greatest 
from the fifteen cows furnished hay for roughage that yielded 3 tons 
per acre. Fodder corn yielding 5 tons per acre gave the second largest 
returns, and hay at 2^ tons per acre the third. The margin of profit 
is wiped out entirely when expensive feeds like ensilage are fed to 
poor cows. 
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These statistics, which have been presented in order to show the 
influence of cost of producing forage upon the net profits recovered 
from the feeding of cattle, warrant the conclusion that whenever any 
factors, such as low prices, low productivity in cattle, or long distance 
from markets causing low local prices, cause a relatively small gross 
product from the cattle, the greatest net profit will be recovered by 
the use of cheap forage crops. This fact is of particular importance 
in the feeding of beef cattle, where the margin of profit is normally 
narrower than for dairy cattle. In such cases the margin of profit can 
be materially widened by the use of cheap roughage, such us clover 
and timothy hay, whereas the margin of profit tends to be narrowed 
and even obliterated if expensive roughage, such as ensilage, is fed to 
a larger number of cattle. On the other hand, when high prices for 
products prevail, when cattle are highly productive, as in case of intensely 
bred milk cows, and where good markets are close at hand, the gross 
product from cattle may be increased to a point where the widest mar- 
gin of profit i^ obtained by feeding the maximum number of cattle on a 
given acreage with expensive forage crops, such as fodder corn and 
ensilage. An increase in gross product from cattle, made possible by 
high-yielding forage crops, such as fodder corn and ensilage, will not 
yield a greater profit to the feeder than a small gross product obtained 
from feeding the low-yielding hay, unless the increase in product is 
proportionately greater than Itc increased expense of production. 

From a purely business standpoint these investigations show that 
cheap forage ia the form of well-cured clover and timothy, alsike, 
alfalfa, and bromus will return larger profits from a given area of land 
under average conditions in the Middle West than either fodder corn 
or ensilage. Certain conditions, previously cited, modify this state- 
ment, but, with the present size of farms in the Middle West, with the 
present average distances from markets, and the present types of dairy 
and beef cattle that are being fed by the majority of farmers, cheap 
forage, iuch as clover and timothy hay, is to be considered the most 
p'ofitable roughage. The extensive use of alfalfa in the far West, 
of alsike and red clover in the New England States, and red clover in 
Wisconsin, Iowa, and Illinois shows that the majority of farmers 
consider that ''cheap forage is usually the most profitable." 

Systems of farming which keep the labor and machinery expense at 
a minimum by the extensive use of f^rrass and legume crops for the 
production of pasture and forage for the live stock are popular in many 
agricultural regions, such as southern Minnesota, Iowa, and Illinois. 
The economic worth of these systems of farming is sliown in the rela- 
tively large net profit per acre which is secured on the farms of these 
regions. 

The relation which these various forage crops have to the fertility 
of the soil has not been included in this discussion. Were this done 
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the clover and timothy crop must receive a larger credit per acre for 
the improvement which the crop has made in the physical and chem- 
ical condition of the soil for succeeding crops than can be given to the 
corn crop.** 

A scarcity of labor in any community also favors the hay crop. 
Larger applications of labor must be made to produce forage in the 
form of fodder corn or ensilage than in the form of hay, and harvest 
time for the fodder corn and ensilage conflicts in many communities 
with the thrashing and plowing season, when labor is particularly 
scarce and expensive. Increasing the number of cattle, as may be 
done when ensilage is fed, also creates a demand for more labor in 
milking and feeding, and securing additional reliable labor for this 
work is a serious problem in many regions. 

The most serious objections that can be made to the use of timothy 
and clover hay for forage are, first, the risk of having clover freeze 
out; second, the difficulty of properly curing clover every year so 
that the hay may be digestible and free from dust. The risk of hav- 
ing clover freeze out in Minnesota is much lessened if the seed is 
sown early in the spring in a well-compacted seed bed, such as may be 
obtained on disked corn land or well compacted early fall plowing. 
Clover is killed more by heaving in the soil than by hard winters, and 
the heaving of soil is greatly lessened if the seed bed was well com- 
pacted. The difficulty of having clover hay spoiled by excessive rain- 
fall can not, of course, be always guarded against, except as expe- 
rience teaches the best methods for handling the crop. If clover is 
grown and relied upon as the main forage crop, occasional losses from 
freezing out can be easily met by growing such catch crops as fodder 
corn and millet, and occasional losses from wet weather during haying 
time can be met b}^ shreddmg a portion of the corn crop. Unfavorable 
weather does not ordinarily injure the quality of fodder corn and 
ensilage to the extent that it will injure the quality of hay, although 
a wet fall will often decrease the value of fodder corn considerably 
through mold and heat in the shocks and the freezing of the bundles 
to the ground 

The possibilities in yields from the various forage crops have much 
to do with the relative profits which may be secured. Fodder corn 
yielding less than Si tons per acre of field-cured fodder can not, under 
any circumstances, be considered as profitable a forage crop as clover 

« The consideration of values of manure has been left for future publications, when 
investigations may have given bases for determining the values per acre of the con- 
stituents of manure, so that the manure from clover, with its larger content of nitro- 
gen, and the manure from fodder corn and silage, with their larger bulk and greater 
amount per acre of humus-making materials, may be compared. The relative 
amounts and values per acre of the manure from different numbers of cows sup- 
ported by the several kinds of ronghage will also need to be determined when the 
necessary data are made available 
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and timothy hay yielding 2 tons per acre, and under average Minne-- 
sota conditions a jaeld of 4 tons per acre must be secured to make the 
two crops comparable as regards profit. It is more difficult to raise 
the yields of hay above 2^ tons per acre than to raise the yields of 
fodder corn above 3i tons. Wet years will favor the comparative 
yields of hay and dry years the fodder corn. Yields of 4^ to 5 tons 
per acre from cilover and timothy have been secured during the past 
four years at the Minnesota Agricultural Experiment Station in a 
five-year rotation of corn, wheat, hay, pasture, and oats, while the 
highest yields of field-cured fodder corn ever there recorded have not 
exceeded 5 tons per acre. Cultural experiments in growing fodder 
corn at the Minnesota Agricultural Experiment Station show that the 
highest yields have been secured by sowing not less than 3 pecks of 
seed per acre of the short-stalked varieties of dent corn commonly 
grown in Minnesota in double rows 42 inches apart, on centers, or in 
single rows 21 inches apart. Yields are not only larger where the 
fodder corn is sown in this manner, but the fodder is more digestible, 
and there is less waste in feeding than where less seed per acre is used. 
By sowing the crop somewhat later than field corn many weeds can be 
destroyed by harrowing, and if the crop is harrowed several times 
after it is up the heavy growth of fodder, after being twice cultivated, 
will smother the remaining weeds and leave the land in good condition 
for succeeding crops. 

While the statistics presented in this problem may vary to some 
extent with local conditions, they illustrate in a general wa}^ the trend 
of net profits in feeding cattle with various forage crops under certain 
imposed conditions. 

SHREDDING CORN STOVER FOR WINTER ROUGHAGE. 

In the corn-growing sections of Minnesota, as well as in those sec- 
tions of the corn belt farther south, the practice of shredding the 
corn stover and husking the corn by machinery is becoming quite 
common. The advantages generally attributed to this method of 
handling the corn crop are, first, that it saves a byrproduct otherwise 
wasted; second, that fall work may be completed with more regularity; 
third, that the waste stover makes good bedding and leaves no long 
cornstalks in the manure; and, fourth, that the fields are cleaned up 
better than when the stalks are left standing, and can be tilled more 
thoroughly for the succeeding crop. 

Were all these advantages attained when the corn crop is husked 
and shredded by machinery the practice would not be justified in 
good farm management unless the profits from the acreage of corn 
shredded had been increased to a point in advance of what might be 
secured by handling the crop by any other method. Leaving profit 
and loss for the moment out of consideration, the advantages attrib- 
uted to the practice of shredding corn, as previously enumerated, are 
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not all justifiable. Shredded stover can not be considered as a by- 
product saved, which would otherwise be wasted, because at least one- 
third to one-half the food value of the mature cornstalks can be saved 
b}^ pasturing the stalks, and some feeders state that in favorable 
autumns the pasture value is as great as the shredded stover value. 
Fall work can, perhaps, be completed with more regularity if the corn 
is cut, shocked, and shredded than if the corn is husked from the 
standing stalks during those days when fall plowing should be hur- 
ried. The supply of labor and the availability of shredders influence 
this factor materially. The waste stover undoubtedly makes better 
bedding and more valuable manure than the coarse cornstalks. When 
straw is cheap, however, and shredded stover expensive, the bedding 
value of the waste stover is of little real importance. When corn- 
stalks are pastured and tramped down by the cattle during the fall 
and winter months no great diflSculty is experienced in disking and 
preparing the land for small grains, or if the land is plowed the long 
stalks when plowed under leave as smooth a seed bed as the corn stubs. 
Table LIII illustrates the relative profit in shredding a given acreage 
of corn as compared with producing the same amounts of nutrients in 
fodder corn and cornstalk pasture, and devoting the remainder of the 
acreage to field corn and picking the ears from the standing stalks. 
The comparison is based on this condition: That 30 acres of field corn 
are cut and the stover shredded to provide winter roughage for the 
cattle. This acreage represents the average corn acreage on 160-acre 
farms in southern Minnesota. Statistics showing the cost of produc- 
ing fodder com, corn cut and shredded, and corn husked on the hill 
will be found in detail in Tables XV, XVI, and XXIII. 

Table LIII. — Thirty acres of field com cut and the stover shredded v. five acres of fodder 

com and twenty-five acres of field com husked from the hill. 

1. Field com — 30 acres cut and shredded: 

To cost of production, 30 acres, at $14. 74 $442. 20 

By 1,350 bushels grain at 30 cents $405. 00 

By 38 tons stover (IJ tons per acre), at $2.84 107. 92 

Profit, or difference between cost of production and 
value of products 70. 72 

512. 92 512. 92 

2. Field com — 25 acres husked from stalks, 5 acres fodder corn : 

To cost of production, 25 acres, at $11.77; 5 acres, at $12.20. . . 355. 25 

By 1,125 busheis grain at 30 cents 337.50 

By 17 J tons fodder corn (3} tons per acre), at $4.90 85. 75 

By cornstalk pasture, 25 acres, at $1.25 31. 25 

Profit, or difference between cost of production and 
value of products 99. 25 

454. 50 454. 50 

Note. — ^The feeding value of a ton of stover is estimated by T. L. Haecker at $2.84 
as compared with timothy hay when the latter is worth $6. Thus the total value 
of 38 tons of shredded stover secured from the thirty acres of field corn is $107.92. 

6885—^0. 48—06 6 
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In Table XLII it was shown that $127 worth of nutrients in clover and timothy hay 
\vould provide roughage for ten cows six months. Thus the 1107.92 worth of nutri- 
ents in corn stover would furnish sufficient roughage for eight cows for six months 
(1127 : 10 :: $107.92 : x, or 8). Five acres of thickly planted fodder corn yielding 3J 
tons per acre will give a product the nutritive value of which is $85.75, and if the 
value of cornstalks for pasture is considered as only one-third that of the shredded 
Htover the value per acre may be conservatively placed at $1.25, or a total of $31.25 
for twenty-five acres. The total value of the nutrients from five acres of fodder corn 
and twenty-five acres of cornstalk pasture is $117, or a trifle more than the value of 
the shredded stover from thirty acres. The cost of producing an acre of corn, cut 
and shredded, is $2.97 higher than the cost of production when the ears are picked 
from the standing stalks, the difference being chiefly due to the rental, or exixinse, 
for shredding machinery and the values consumed in com binders. The smaller 
cost of production for the fodder com and the field com husked from the standing 
stalks leaves the greatest net profit, or difference between cost of production and 
value of products, in favor of the plan of devoting a small portion of the corn ground 
to thickly planted fodder corn and the larger portion to corn grown for ears, which 
are to be husked from the standing stalks, and the stalks to be pastured off by cattle. 

Statistical analysis of the cost of producing shredded stover and the 
cash value of the nutrients secured in the product would seem to shovr 
conclusively that shredding corn stover is poor, and not good, farm 
economy. The figures here given indicate that much cheaper forage 
can be provided in the form of fodder corn or clover hay than in the 
form of shredded stover, and that shredding corn stover for winter 
roughage should be resorted to only in case the hay crop is badly 
weathered or other unforeseen conditions demand an additional supply 
of roughage when it is too late to sow a special forage crop. 

COOPERATIVE OWNERSHIP OF HIGH-PRIOEI) MACHINERY ON 

SMALL FARMS. 

The average cost of cutting an acre of corn with a corn binder and 
three horses at Northfield, Rice Countj'^, Minn., is $1.93, of which 
67 cents is labor (see Table XVI), 79 cents depreciation of machinery 
(see Table XII), and 47 cents twine, with an additional charge of 63 
cents per acre for shocking and tying (see Table XVI), and 25 cents 
for the cost of picking up the ears broken off by the corn binder, 
making a total of $2.71 per acre for cutting and shocking by machinery. 
The average number of acres of corn cut each year on these farms 
is approximately 20. It is obvious that an acre of check-rowed 
corn can be cut cheaper by hand than by machine, for one man can 
cut and shock about 1 acre a day by hand (wages $1.50). In the 
case of fodder corn the cost per acre will be only slightly raised for 
the machine cutting, but nearly doubled for the hand cutting. 

These statistics are not presented as an argument against machine 
cutting, but merely to emphasize the great cost of cutting corn by 
machinery when only a few acres are cut each year by a machine. 
Even though the cost of machine cutting be greater than for hand cut- 
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tingf, the machine cutting is altogether desirable, because when corn 
reaches the proper degree of maturity the cutting should be done as 
rapidly as possible in order to escape frost, and very often laborers 
are not available, even at prices much above $1.60 per day. 
. The yearly values consumed per acre in corn binders are, approxi- 
matel}'^, four times as great as in grain binders, and this difference is 
due principally to the difference in acreage cut. The average yearly 
cut of corn per farm on these statistical routes is about 20 acres, and 
for grain 90 acres. Undoubtedly the depreciation per acre charges 
for corn binders could be decreased to nearly the same level as for 
grain binders if the same acreages were cut each year of each class of 
crops, although the wear and tear on a corn binder is somewhat heavier 
than on a grain binder. 

In those sections of Minnesota where comparatively small acreages 
of corn are grown cooperation in the ownership of high-priced 
machines, such as corn binders, will aid in reducing the expenses for 
producing a crop which under the most favorable conditions has a high 
cost of production. 

Cooperation in owning high-priced machines, such as corn binders, 
ensilage cutters, etc., is often found good business policy. On many 
farms of 160 acres or less in size the annual expense for machinery is 
so large as to materially reduce the profits of the business. The 
tendency in western agriculture is to invest heavily in farm machinery 
on account of the scarcity of labor, and, while this is undoubtedly 
necessary, it should be remembered that no machine can be employed 
and yield a fair profit unless it be employed to nearly its full capacity. 
The '* bonanza farmer" has a great ad vantage over the '^ small farmer" 
in this respect, and the ativantage can be met only by cooperating in 
the ownershipof such farm machines as are adapted to cooperative use. 

SX7MMARY OF OBJECTS AND RESULTS. 

I 

OB.TECT8 SOUGHT IN COLLECTING STATISTICS OF THE BUSINESS OF 

FARMING. 

1. To aid in making a study of the business of the farm that it may 
be systematically conducted under the best possible plans. 

2. To supply many averages which the farmer rarely secures from 
his own business, as cost per acre of various labor operations, and 
<;ost of producing field crop products and live stock products. 

3. To determine the cost per hour of man labor and horse labor on 
farms. 

4. To determine the yearly values consumed in farm machinery, 
and the values consumed per acre for the various farm crops. 

5. To collect data on the feeding of farm animals as actually carried 
out and make comparisons of methods. 
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6. To Hecure practical data concerning the protits from the different 
farm animals, and to devise simple methods of making records which 
will determine the value of each individual animal as a producer, and 
the breeding value of the blood of each animal used as a breeder. 

7. To keep the performance records of dairy cows, and show rea- 
sons for profit and loss on the individual animals. 

8. To secure the data necessary to supplement the records of experi- 
ments in crop rotations made b}^ experiment stations, that the net 
profits from the various rotations may be compared. 

9. To determine and compare the net profits in various systems of 
present day agriculture. 

10. To assist the farmer to so organize his business that such 
arrangement of crops and live stock ma}'^ be made as will give the 
largest net returns. 

11. To collect maps of actual surveys from many farms to be used 
in working out examples of reorganized field plans with systematic crop 
rotations. 

12. To assist in inaugurating simple systems of accounts for the 
farm business and the farm household. 

13. To secure data concerning the farm home, as the cost of living, 
the value of foods grown on the farm, and the cost of boarding hired 
help. 

14. To provide practical data to be used in schools, as consolidated 
rural schools, agricultural high schools, and agricultural colleges, in 
teaching the facts and principles of farm management. 

15. To aid in developing a literature on farm management, and a 
class of effective teachers, editors, and general writers; and to assist in 
overcoming the indifference to antiquated methods in farm manage- 
ment. 

RESULTS OBTAINED FROM THE WORK OF COLLECTING STATISTICS ON 
THE COST OF PRODUCING FIELD CROPS IN MINNESOTA, 1902, 1903, 
AND 1904. 

1. The average length of the working day for men on the farms at 
Northfield, southeastern Minnesota, is 8.59 hours, with S.40 hours for 
Sunday work. At Marshall, in southwestern Minnesota, 8.29 hours 
for the week days and 2.89 hours for Sundays; and at Halstad, in 
northwestern Minnesota, 7.43 hours for the week days and 2.19 hours 
for Sundays. The average length of the working day for horses at 
Northfield, southeastern Minnesota, is 3.08 hours; at Marshall, south- 
western Minnesota, 3.29 hours, and at Halstad, northwestern Minne- 
sota, 3.30 hours. (See Table I, p. 11.) 

2. The cash value per hour of farm labor ranges from 9 cents in 
the winter months to 14 cents in the seasons of greatest activity, and 
an average of all months is approximately 12 cents per hour. Cash 
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value of farm labor is based upon wages paid to men hired by the 
month or season, plus the cost of their board. (See Tables III and IV, 
pp. 26, 28.) 

3. The cost of board on farms is approximately $11 per month per 
man, or 37i cents per day. (See Table VI, p. 29.) 

4. The average cash value per hour of horse labor on farms is 
approximately 7i cents. Cash value of horse labor is based upon the 
cost to the farmer of maintaining the horse. The total cost of feeding 
and maintaining a farm work horse for one year, including interest on 
investment and depreciation, is from $75 to $90. (See Table VII, 
p. 30.) 

5. The values in farm machinery consumed per acre for the grain, 
corn, and hay crops are as follows: Northfield, southeastern Minne- 
sota, grain, 44.6 cents; corn, $1.20; hay, 44 cents. Marshall, south- 
western Minnesota, grain, 35.6 cents; corn, $1.16; hay, 37.8 cents. 
Halstad, northwestern Minnesota, grain, 34.4 cents; corn, 76.5 cents; 
hay, 33.3 cents. Large farm in northwestern Minnesota, grain, 22.8 
cents; hay, 22.8 cents. (See Table XII, p. 36.) 

6. The total cost per acre of producing the staple crops of ear corn, 
fodder corn, hay, oats, barley, and wheat is as follows: Northfield, 
southeastern Minnesota, corn, husked from standing stalks, $11.77; 
fodder corn, $12.20; clover and timothy hay, $6.97; wild hay, $5.85; 
oats, $9.84, and barley, $9.13. Marshall, southwestern Minnesota, 
corn, husked from the standing stalks, $9.96; wild hay, $5.18; oats, 
$8.83; barley, $8.58, and wheat, $7.89. Halstad, northwestern Min- 
nesota, fodder corn (shocked in the field), $8.08; wild hay, $2.87; 
oats, $6.31; barley, $6.41, and wheat, $6.26. Large farm in north- 
western Minnesota, fodder corn (shocked in field), $7.52; wild hay, 
$2.29; oats, $5.88; barley, $5.97, and wheat, $5.82. (See Table XIII, 
p. 40.) 

7. The total cost per bushel of thrashing wheat from the shock at 
Halstad, northwestern Minnesota, is 7.4 cents, and when stacked and 
stack- thrashed, 10.1 cents. Oats when thrashed from the shock at 
Northfield, southeastern Minnesota, cost 4.3 cents per bushel to thrash, 
and when stacked and stack-thrashed, 5.2 cents per bushel. Thrash- 
ing oats from the shock at Halstad, northwestern Minnesota, cost 3.6 
cents per bushel, and stacking and stack-thrashing, 4.9 cents per 
bushel. Barley, thrashed from the shock at Northfield, southeastern 
Minnesota, cost 4.8 cents per bushel, and when stacked and stack- 
thrashed, 5.9 cents; and at Halstad, northwestern Minnesota, barley 
cost 4.4 cents per bushel to thrash from the shock, and when stacked 
and stack-thrashed, 5.4 cents. (See Tables XXXVI to XLI.) 

For the majority of farmers stacking and stack-thrashing the grain 
crops is advisable, particularlv so in those localities where labor is 
-scarce and thrashing machinei:y not I'eadily available. Well stacked 
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grain is cheap insurance against bleached, sprouted, and bin-burned 
grain, and helps toward early fall plowing. 

8. The cost per acre of producing winter forage for cattle in the 
form of mixed clover and timothy hay is $6.97; field-cured fodder 
corn, $12.20, and corn silage, $18.21, at Northfield, southeastern Mm- 
nesota. The use of the more expensive forage crops is profitable only 
where farms are located close to large city markets, where the cattle 
to be fed are highly bred and highly productive, and when the soil is 
productive and the crop so well handled as to yield maximum yields 
of forage (4 to 5 tons per acre for field-cured fodder corn and 
14 to 15 tons per acre for corn silage). Mixed clover and timothy 
ha}^, alsike, and alfalfa are undoubtedly the most profitable forage 
crops for a vast majority of the farms of the upper Mississippi Valley. 
(See Tables XLIl to Lll, pp. 63-75.) 

9. The cost per acre of raising field corn at Northtield, in southeast- 
ern Minnesota, and cutting and shocking the crop and shredding and 
husking by machinery is $14.74. The cost of raising field corn and 
husking the ears from the standing stalks is $11.77 per acre, and a 
crop of thickly planted fodder corn can be raised and the fodder 
hauled in to the barn for $L2.20 per acre. 

The most profitable plan of growing a given acreage of corn, partly 
for gram and partly for forage, in this agricultural region, is to devote 
a small portion of the corn ground to thickly planted fodder corn, 
and the remainder of the acreage to corn grown for ears which are to 
be husked from the standing stalks, and the stalks pastured oflf by 
cattle. Shredding corn stover is a costly practice that should be 
resorted to only in case the hay crop is badly weathered or other 
unforeseen conditions demand an additional supply of winter forage. 
(See Table LIII, p. 79.) 

10. The large values consumed per acre in certain farm machines — 
such as corn binders and ensilage cutters — when the annual acreage 
cut is small, show that cooperation in the ownership of such machines 
is, when possible, good business policy. The farmer who manages 
large areas of land has a distinct advantage over the farmer managing* 
a small farm, in the matter of making the most profitable use of his 
investment in machinery. This advantage can be met on farms of 
family size only b}'^ means of cooperation, thus causing machines U) 
be worked to their full capacity. 

The statistics presented in this bulletin, giving the results of the 
first three years' investigations into the cost of producing farm prod- 
ucts, are believed to be more valuable than any data on this subject 
heretofore collected, because they represent actual farm conditions 
and have been gathered by exact methods. Still better averages will 
be secured when the work — now well past its experimental stage— 
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shall hare extended over a longer number of seasons and covered a 
wider range of subjects. 

These data collected in three agricultural regions in one State which 
diflfer in climate, soil, character of labor, and methods of farming, 
indicate that statistics of the cost of producing field crops, pork, beef, 
dairy products, etc., and general studies of the actual business of farm- 
ing are needed in each agricultural region of the country. Statistics 
of this character, for example, gathered in Minnesota arc not adapted 
for use in those agricultural regions where entirely diflferent conditions 
exist and where other kinds of field crops are grown. 

While the data secured in these investigations arc deemed of sufli- 
cient value to justify the eflfort and expense, the most important 
results are the methods devised for investigating the cost of producing 
farm products and for studying at first hand the business of the farmer. 
Methods of collecting and compiling the statistics have been perfected 
so that wherever needed this work may be done in an exact and busi- 
ness-like manner. Suggestions for further perfecting the methods or 
broadening the scope of these investigations are solicited from farmers, 
agricultural investigators, economists, and others. 

The statistics on the cost of producing field crops gathered in these 
preliminary investigations and here presented are capable of wide use, 
especially in the upper Mississippi Valley. Teachers and agricultural 
writers will find that data from investigations of this kind will guide 
them into makin'^r lines of instruction more definite and exact than has 
previously been possible. In the work of teaching farm management, 
crop management, and live-stock production in the Minnesota Agri- 
cultural High School the available portions of these data have already 
proven very useful in classes of j^oung farmers. These data will 
greatly aid in making it possible to introduce the elements of instruc- 
tion in farm organization and farm management into consolidated rural 
schools. 

It is hoped that agricultural investigators will find these studies of 
actual farm conditions useful in interpreting results from experiments 
in crop rotation and other phases of farm management. Definite 
knowledge concerning the business of farming is as necessary to agri- 
cultural investigators as to the farmer, for the work of the chemist, 
the physicist, the plant breeder, and the animal husbandman should 
be in accord with the actual conditions and the best principles of the 
farm business. 

If these investigations into the cost of producing farm products had 
accomplished nothing else than the supplj'ing of material for develop- 
ing practical schemes of farm bookkeeping they would be more than 
justified. 

The reorganized plan of teaching farm bookkeeping in the Minne- 
sota Agricultural High School, made possible by these investigations. 
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is proving to be of much greater value and interest to students who 
expect to make farming their business than the customary forms of 
bookkeeping, which are not applicable to farming. Comprehensive 
methods of systematically planning the management of the fields and 
live stock, supplemented by simple methods of bookkeeping, are 
needed in placing the agriculture of the future on a more business-like 
basis. 

The fact that many farmers have made money without the aid of 
systematic plans for field management and farm accounts does not sig- 
nify that they could not have made more money had their business 
been more systematically conducted with the aid of well-kept accounts, 
and the failures of many farmers to make financial success of agricul- 
ture are due in many instances to the lack of system and intimate 
knowledge of the business, which can be acquired only by means of 
systematic farm plans and profit and loss figures. Mistakes once 
made in conducting an enterprise, and which are clearly outlined and 
recorded in the books of the business, may be rectified in succeeding 
years, whereas poor methods may remain in vogue for a long period 
if no means are at hand for knowing the exact status of the enterprise. 

Many farm enterprises are carried at a loss, which must be met by 
the profits from other enterprises if the farm as a whole is to be 
remunerative to the owner. The remedy for such conditions lies in a 
system of bookkeeping which will clearly show each year the financial 
status of each enterprise, and thus lead the wide-awake farm manager 
either to eliminate unprofitable enterprises or to put them on a remu- 
nerative basis. 

The successful farmer of the future must know not only something 
of the science of farming but also something concerning the business 
side of farming, and business knowledge of farming can best be 
developed by studying the markets for agricultural products on the 
one hand and cost of production and the internal management of the 
farm on the other. 

Statistics on the cost of production and concerning the general busi- 
ness of the faiTQ, gathered under the methods here employed, together 
with data from plat experiments with crop rotations, from plat and 
laboratory experiments with fertilizers, from physical studies of the 
soil, and from the general practical experiences of proficient farm 
managers must be secured and made the common knowledge of our 
farmers if the farms of the United States are to be so planned and 
reorganized as to yield profits commensurate with the rapid apprecia- 
tion of land values that is bound to follow the increase of population 
and wealth in the United States, 
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M. H. REYNOLDS AND C. C. LIPP. 

Readers will kindly bear in mind that this is to be a 
study of ventilation, from the standpoint of the confined 
animal. Questions of stable architecture with reference to 
ventilation are not considered. 

We trust that this Bulletin will not be taken as an 
argument against the wholesomeness of fresh air, but 
rather as a prelimir^iry study of certain important and 
perplexing problems in connection with the general sub- 
ject of stable ventilation. It is generally conceded that 
this is a very important subject, and one concerning which 
we have very little practical information that is valuable, 
and very little technical information that is reliable. This 
preliminary bulletin will serve as an introduction for the 
series that is to follow, and present our foundation work. 
In this is given a general statement and an explanation 
of technique and methods together with a discussion of 
existing information on the general subjects of respira- 
tion and ventilation. Subsequent bulletins will contain the 
results of original work which has already extended over 
a period of two years. 

There are wide variations in statements of writers 
on house and stable hygiene; great differences of opinion 



The experimental work mentioned in tliis buHetin has been had 
in mind by myself for several years. The actual laboratory work was 
done almost entirely by an assistant. Dr. C. C. Lipp. to whom all credit 
is due for the very careful way in which he has done the large amount 
of slow, eye-wearingr. and tedious blood and urine work, and for his 
very careful record work. — Reynolds. 
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concerning the amount of air needed, and little available 
information that is based on any actual demonstration 
or other source of positive knowledge. The whole subject 
seems to be in a very unsettled and unsatisfactory condi- 
tion. Any one who is interested may go into supposedly 
well ventilated stables and find some of the inlets are 
letting air out, and some of the outlets are letting air in, 
and sgme are not working at all. 

Cattle seem to thrive under what is apparently the 
worst possible conditions of stabling. "Beef cattle fatten 
well, and dairy records are made in stables that are simply 

abominable from recognized standards of good stabling. 
And it is easy to find herds that are doing very badly in 
stables of apparently the best possible construction. Some 
of these problems ought to be cleared up in the near future, 
and we hope that work in progress at this Station may con- 
t^'ibute toward this result. 

Stable ventilation in our northern states during our 
long and cokl winters is a difficult problem at best. To get 
anything like the amount of air demanded by most author- 
ities is certainly impracticable. If less is compatible with 
the health and comfort of our confined stock, it is verv 
important that we know it and be quite sure of it. If what 
we call moderately or even decidedly foul stable air is not 
commonly inimical to the health and comfort of these 
animals, or to the owner's profits, then it is of the utmost 
importance that we know this also. 

The standard set for people giving each person 1,000 
cubic feet of air space and to keep the carbonic gas* below 
.07 per cent., is 2,000 cubic feet of fresh air per hour. With 
a horse or cow weighing 1,000 pounds, these in proportion 
would be multiplied by about seven and this means ap- 
proximately 14,000 cubic feet of fresh air per hour per 
animal, l^his is apparently a hopeless consideration, in 
Mnnesota at mid-winter with an outside temperature of 

• Hereafter this gas wiU be referred to as C02. 
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20** or 30** and even 40*^ below zero. A prominent writer on 
veterinary hygiene asks for 32,000 cubic feet of fresh air 
per hour per horse. 

The real problem with which we have to finally deal, 
is how little air is compatible with normal health, and com- 
fort of the stock, and with economic feeding. 

In some cases our stock is confined in relatively small 
stables and in other cases they are confined in relatively 
large stables, and we may have here two different problems 
to deal with. In the one case it is oxygen starvation, and 
in the other possible CO2 or other chemical poisoning. 

It is evident that an animal can breath air containing 
many times the quantity of pure carbonic acid gas found 
in pure air, without being seriously affected. It is also 
generally believed that air containing a large quantity of 
carbonic acid gas also contains several nitrogenous im- 
purities of unknown nature. These impurities are suppos- 
ed to be produced by metabolic processes and to be present 
in the air in proportion to the existing quantity of carbonic 
acid gas. 

Stable air as it is. — F. Smith reports the following 
analyses of stable air for CO2. Average of 28 analyses. 
.14%. 

In another series of 25 analyses, made in the same 
stable, he found .21%. The largest amount found in any 
analysis was .266%, and the least .057%. 

Leblanc found in the air of a French military stable 
.7% of CO2. Dr. de Chaumont found in two stables res- 
pectively .1 and .058%. Marker found in a German stable 
.85% and 1.7%. Dr. Angus Smith reports two analyses 
(no information concerning stable) of .083% and .087%. 
F. Smith gives a total of .06% as the limit of permissible 
COo impurity, counting .04% as the normal of outside air. 

It is difficult to estimate the value of these figures, be- 
cause we are given no information concerning the char- 
acter of the ventilation, the distance from the floor at 
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which the air samples were taken or from what portions of 
the stable. 

Some figures quoted by F. Smith in his "Animal 
Hygiene" give the following, which is certainly somewhat 
surprising: "Air taken six feet from the ground contained 
.09%, CO2 at one foot from the ground, .06% COg. 

F. Smith found .042 grains of some ammonia salt 
(not specified) in 100 cubic feet of air of a badly ventilated 
stable, and states that the albuminoid ammonia in a badly 
ventilated stable is always high, ranging from .039 to 
.193 grains per hundred cubic feet of air. 

In jour own work with an animal closely confined in 
the Closed Stall described later in this paper under "Ex- 
perimental Work," we obtained the following record 
of the percentages of COg. in this stall after confinement 
for varying periods as specified. 

Red Jim, weigrhingr about 500 pounds, after six hours .94% 

Red Jim, weighing: about 500 pounds, after twelve hours.... .71% 

Average of two 24 hour periods 1 . 03% 

After 27 hours . 74% 

After 40 hours 68% 

Yellow Jim, weighing 700 pounds, after six hours .96% 

Yellow Jim, weighing about 700 pounds, after fifteen hours .... .52% 

Average three-24 hour periods 1 . 09% 

After 42 hours 98 

It should be said in explanation of these figures, that 
the condition of the atmosphere in the stall varied greatly 
when these periods began. Our records show also that 
frequently, perhaps as a rule, the* CO2. content reduced 
rather than increased after varying periods of 6 to 24 
hours. This may be due to the formation of ammonia 
(NH3) by fermentation, and then union of this with the 
carbon dioxide (CO2) forming ammonium carbonate. A 
small portion of the CO2 is probably taken up by the 
water present on walls and ceiling. These records were 
not taken for the purpose of determining the amount of 
CO2 that would develop from an animal of given weight 
in this stall in given periods of time, but merely to get the 
percentage of COg to go with the blood counts and other 
data for experiments in progress. 
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Respiration is a process by which oxygen is carried 
to the tissue cell or food material to be oxidized, and 
includes the oxidation, and elimination of CO2. This in- 
volves a double series of exchanges, one occuring at the 
lungs and a reversed series occuring mainly at least in the 
tissue cells. As a result of the continuous oxidation 
processes in the body, carbonic acid gas and various other 
waste products are produced. The oxygen is carried to 
the tissues by the blood, and the waste products washed 
away from the tisues by the same fluid. But the blood 
cannot unite with sufficient oxygen, or eliminate its car- 
bonic acid gas unless brought in contact with the air 
through the proper organs. It is in the lungs that the red 
blood cells load up with oxygen, and it is here also that 
the carbonic acid gas is eliminated from the plasma. As 
the result of analyses made by various investigators it 
was found that pure air contains from .029 to .034 volumes 
per cent of carbonic acid gas. We shall consider it averag- 
ing .03 volumes per cent, and whenever in the following 
pages, reference is made to pure or outdoor air, it is 
assumed to contain the average quantity of this gas. 

Since oxidation or tissue respiration is a continuous 
process, oxygen must be continuously supplied to the 
tissues and their waste products continuously removed. 
When the waste matters are discharged by the lungs into 
a closed space, as 4iappened when our experiment.'al 
animals were confined in the closed stall, the quantity of 
carbonic acid increased to many times the quantity in 
pure air. We increased it to 2.67 volumes per cent in a 
closed stall; that is, 89 times the average quantity in pure 
air. The quantity of oxygen absorbed and probably 
needed is in direct proportion to tissue activity. 

Gases in the blood are either in solution or in chemical 
combination. Most of the oxygen is in chemical combina- 
tion with haemoglobin of the red blood cells, as oxyhaemo- 

globin, and is all the time under sufficient tension to con- 
tinue its association with haemoglobin. 
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These gases, the CO2 in the blood and oxygen in the 
inspired air are separated by a thin animal membrane; 
and nature is constantly endeavoring to equalize and 
satisfy pressures and chemical affinities between free gases 
on one side of this membrane and gases held by a liquid 
on the other side. Aside from chemical combinations each 
gas moves either way according to the partial pressure 
of the gas on one side and the tension of the same gas in 
the liquid on the other. The tension of oxygn in venous 
blood is estimated at 22.04 m. m. mercury and in alveolar 
air about 100 m. m. The tension of CO2 in the venous 
blood is 41.04 m. m. mercury, and in the alveolar air 23. 
These variations in pressure and tensions do not account 
for all exchange, however. The living tissue cells perhaps 
by simple chemical affinities may interfere. 

Landois holds that while these changes are essential- 
ly of chemical nature, certain physical forces play im- 
portant parts. He holds that the association and dis- 
association are favored and hindered according to the 
partial pressures and tensions; for example, haemaglobin 
in venous blood under low tension is exposed to oxygen 
under high partial pressure in the lung capillaries and so 
takes it more rapidly and easily than when the partial 
pressure of oxygen in the air is very low. 

Each person or animal absorbs a certain volume per 
cent of the respired oxygen of the air and excretes a 
certain per cent of the CO2 for the total air respired. The 
horse consumes .437 grams of oxygen per kilo of body 
weight per hour. The cow consumes .55. 

The factors that vary the proportions of oxygen 
consumed and CO2 excreted are body weight, amount of 
body surface, rate and depth of respirations. We have 
the lowest possible rate of respiratory change during fast- 
ing, something higher on a non-nitrogenous diet, higher 
still on a mixed diet, and the highest degree of respiratory 
ttCtivity on a nitrogenous diet. The volumes of oxygen 
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absorbed and CO2 developed, increase rapidly with in- 
crease of body temperature or physical activity. • Muscular 
activity greatly increases the oxygen consumption. Phy- 
siologists tell us that even shivering multiplies the res- 
piratory activity by tw^o. External cold has a somewhat 
similar effect. 

Injurious effects of "foul" stable air. — Writers and 
teachers on the subject of hygiene, human and veterinary, 
have always taught the general proposition that unventi- 
lated air is harmful. There are many classical examples 
which have been quoted over and over concerning the bad 
effect of foul air. They are presumably correct historically, 
but possibly the explanation has been wrong. One author- 
ity (Paige) tells us that diseases develop rapidly and tend 
to assume an acute character where sick animals are moved 
from good hygienic stabling to those that are dark and illy 
ventilated, and that wounds that are ordinarily trivial 
tend to become serious under conditions of bad stabling. 
The same authority tells us that malnutrition, enervation, 
loss of flesh, inflammation of various mucous membranes, 
may result from the action of impure air. The explanation 
given is that such condition of stabling tends to depress 
vital functions and lessen resisting powers. 

These general statements are probably true, but it 
may be quite time to suspect the accepted explanation. 

We are told by other writers on animal hygiene that 
"organic matter" from bodies of confined stock kept in 
badly ventilated and crowded stables, by its decomposition 
produces disease. 

F. Smith makes the following statement concerning ex- 
cess of CO2. That it "Produces serious changes in the 
blood, reducing circulation and causing dyspnea. The ani- 
mal becomes sleepy, the heart action fails, and anaesthesia 
is produced." Smith makes also the following statement: 
"CO2 reduces arterial tension and causes paralysis of the 
heart," and states that it is rapidly fatal if it exists in a 
larger proportion than 1. per cent. This seems absurd 
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when we have had a Jersey steer getting fat in 2.67%, CO2. 

Available evidence. — Reynal and Reiset found that 
when an atmosphere was given an excess of oxygen and 
CO2 that 17.23 per cent, of CO2 might be present without 
injury to exposed animals. This was explained on the 
theory that the oxygen protected. 

A study of the effects of variations of the respired air 
on absorption of oxygen and excretion of CO2 shows that 
as the oxygen content goes above, normal there is no in- 
crease in the amount of oxygen absorbed. A decrease in 
the oxygen content of the respired air does not alter the 
amount of oxygen absorbed until we reach the low level 
of 13 volumes per cent., but this is lower than we will find 
in any stable. Unquestionably excretion of CO2 may be 
checked, difficult respiration occur, and even . actual re- 
absorption of CO2 may occur provided there is a very high 
percentage of this gas in the stable air — and with oxygen 
normal. At 3 to 4 volumes per cent, of CO2 the excretion 
of this gas may be reduced 50% according to certain 
authors, but no apparent harmful effect has been shown. 
We remember also in this connection that the excretion of 
CO2 during a given period may be quite independent of 
the percentage of oxygen in the air, and even of the quan- 
tity of oxygen absorbed. Ten volumes per cent, of CO2 
is commonly considered seriously toxic, but Wilson has 
shown that 25 and even 30 per cent, may be respired, for 
a considerable time at least, without harm. 

A good authority (Landois) tells us that tissue meta- 
bolism is not disturbed by variations of oxygen between 
10.5 and 87 per cent. Below 10.5 there is increased ex- 
cretion of nitrogen, CO2, lactic, and oxalic acids. A large 
increase of CO2 in the air may cause increased respiration, 
but the excretion of CO2 and absorption of O are both 
diminished. Theoretically the reduction in excretion of 
CO2 would continue until its tension in the bood equr^ed 
its partial pressure in the inspired air. The consumption 
of oxygen by the body is but little disturbed by the dimin- 
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ished oxygen, so that an animal confined in any ordinary 
stable atmosphere poor in oxygen would st!l! carry on 
about the same rate of tissue change, so far as the actioH 
of diminished oxygen would be concerned. 

Worm-Miiller reports that animals breathe naturally 
in an atmosphere containing 14.8 volumes per cent, of 
oxygen, but if this is reduced to 7 volumes per cent, the 
respirations become slow and deep and labored; there is 
severe dyspnea at 4.5 per cent, and rapid suffocation at 3 
per cent. Speck more recently reports respirations quiet, 
and no material change in the oxygen absorbed at 13 vol- 
umes per cent., and even at 9.65, animals would get on 
surprisingly well for a long time. There was much less 
oxygen absorbed at 8 volumes per cent, and the respira- 
tions were deep and slightly hurried, but the animal soon 
dies. (Speck.) The total amount of oxygen taken in re- 
duces with reduction of oxygen in the air down to 11.26 
volumes per cent. Below this there comes a compensatory 
increase in the total amount of air respired. In general we 
may say that as the actual proportion of oxygen in the air 
decreases the relative proportion of oxygen absorbed in- 
creases down to 11.26 volumes per cent., below which 
figure the relative proportion of oxygen absorbed does not 
increase. 

Respiration in a small closed space causes rapid dim- 
inution of oxygen and in the absence of ammonia, rapid in- 
crease of CO2, and a slight loss in the total quantity of gas 
content. If this space be large the CO2 wuU increase con- 
siderably before the oxygen is injuriously reduced. An 
animal may be confined in a small space with 
air containing artificial surplus of oxygen, and ul- 
timately die from reabsorbed and retained CO2. The 
blood will then contain very little oxygen and 
death comes by true asphyxia. In a large space, however, 
death is said to occur ultimately from CO2 poisoning when 
the air may still contain over 50 per cent, oxygen. But 
the per cent, of COg must be many times larger than can be 
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found in any stable that we may expect to find. Venous 
blood contains about 45 volumes per cent, of CO2. About 
5% of this is in simple solution, 10 to 20 per cent, in firm 
chemical combination; 75 to 85 per cent, in loose chemical 
combination. But suppose venous blood does contain 45 
volumes per cent, of CO2, we never have a higher partial 
pressure or proportion of CO2 in the worst stables than ap- 
proximately 2 per cent., which is about 50 times the pro- 
portion of CO2 found in good air. There would be nothing 
whatever in this proportion of 2 per cent, to interfere with 
the release of CO2 from the haemoglobin and no possibility 
of causing reabsorption in any probable stable percentage. 

When this Bulletin was nearly finished, "The Year 
Book of the Department of Agriculture for 1904*' was re- 
ceived, and in Dr. Atwater's report on "The Respiration 
Calorimeter,'' we find on pages 216 and 217 some very 
valuable evidence on this question and closely corroborat- 
ing with men, results which we have previously had with 
cattle. Apparently this information was developed inci- 
dentally in the course of work with other problems and 
was so surprising as to call for extension and reporting. 

Dr. Atwater reports that their subjects could appar- 
ently get along just as well with one-tenth of the ventila- 
tion usually advocated; that the CO2 in the respiration 
chamber is never less than 8 to 10 times the normal. 

In one case the subject breathed uncontaminated air 
for 24 hours, and then atmosphere that was rapidly con- 
taminated, the rate of ventilation was much reduced and 
CO2 allowed to accumulate until it reached 2.3% — normal 
air having about .03%. The subject was not told anything 
concerning the experiment in progress. This was done 

so as to avoid any possible mental suggestion eflfect. So 
far as could be detected the subject was in absolutely 
normal condition for the individual. He was not at all 

languid, mentally inefficient, or lacking in appetite. It 

should be explained in this connection that the air in the 



98 STABLE VENTILATION. 

respiration chamber was kept dry and otherwise pure, by 
chemical means. 

Original work. — Certain features of ventilation work 
that has been in progress for some time at the Minnesota 
State Experiment Station may be helpful here in this study 
of available evidence. 

We have been working for several years, and while 
we are not ready to report fully, we may say that our re- 
sults have been quite surprising at times, and even con- 
fusing. 

Certain questions appeared at the very beginning, 
which seemed to block the way until settled. Certain 
things must be established for a basis on which to build. 
It seemed necessary to define the injurious effect and to 
establish, if possible, some standard or method of measur- 
ing the injurious physiological effect, if any, of naturally 
vitiated stable air of varying grades of impurity. We 
wished to establish some means of determining a range of 
permissible impurity above which the change in the at- 
mosphere became distinctly injurious. 

Then again, we wished to establish something in the 
way of a standard of normal health so that we may be 
able to say that the animal with which we were working 
was in normal health at certain periods. We wished to 
determine also whether what is ordinarily called foul stable 
air is really injurious to the confined stock, a cause of dis- 
comfort to them, or inimical to the farmer's profits. 

But the fundamental problem underlying all of this 
work is involved in an effort to determine the least amount 
of air change necessary to maintain normal health and com- 
fort of confined animals. For the comfort of confined 
stock, economy of production, particularly with dairy 
stock, and for other reasons, it is important that no more 
air change in winter be induced than is really essential for 
health, comfort and profit. 

It seemed probable in our first hasty reasoning that 
as oxygen decreased and CO2 increased in the atmosphere 
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of stalls, the red blood cells would increase to compensate. 
But it is easy to see the error in this when we recall that 
each red cell loads up to its chemical capacity any way, 
practically regardless of the oxygen content of the air un- 
less this be reduced to a point where there is no reasonable 
probability that it could ever occur under actual stable 
conditions. So far as we now know, the urine affords the 
best available evidence as to tissue metabolism. If res- 
pired air be actually bad in its physiological effect, then it 
must certainly affect injuriously tissue metabolism, and 
this injuriously varied metabolism should present some of 
its waste products in this excretion. We feel that it is 
possible to find our desired standard and method of esti- 
mating unfavorable physiological effects, in this product. 

Apparently we are a long way from our goal at pres- 
ent; but during the course of this work a considerable 
amount of information has accumulated that bears directly 
on the problem we are now discussing. 

General method. — For this work we used stalls with 
cement flooring on concrete, with sewer connections, hard 
brick walls, and board ceiling covered by heavy muslin, the 
walls and ceilings being painted. The closed stall is nine 
feet by ten feet eight inches on the floor and eight feet two 
inches high, and contains 784 cubic feet of air. The win- 
dow casings were made as tight as possible. 

The stalls used for this work are located in the south- 
west part of the contagious ward in the Veterinary Build- 
ing. (See Figs. 12 and 13.) The Open Stall is in the ex- 
treme southwest corner, and has two outside walls. The 
Closed Stall has only one outside wall on the south side. 
Each stall has a door 3 feet 8 inches wide by 7 feet high on 
the north side, opening into a hallway. The Open Stall 
has two windows, one on the west side and the other on 
the south, each 22 inches wide by 44 inches high. The 
Closed Stall has one window facing south 22 inches 
wide by 44 inches high. The window and door 
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in the Closed Stall fit very tight and after the 
stall is in use for a short time, very little air can enter, 
unless admitted through the open door. The Open Stall 
was used with both windows open about 16 inches each, 
and with the door closed, except in Series "A." In order 
to feed and water an animal in the Closed Stall, without 
opening the door, we use a hole 14 by 18 inches in the 
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Fig 12. — Floor Plan of Stalls used. 

door, about 3 feet from the floor. This hole is covered 
with a tightly fitting slide, that can be raised to admit the 
feed. Below the slide, securely attached to the inside of 
the door, is a feed box 12 by 20 inches, from which the 
animal eats his grain. At the side of the feed box the 
water pail is held in a strong iron hoop. A 2-inch hole 
through the door above the edge of the pail permits this to 
be filled with hose from the outside. When not in use this 
hole is closed with a wooden cork. Three feet above the 
water pail is a window 5 inches square, through which the 
animal in the stall may be seen without opening the door. 
In the work alread}^ done the hay was weighed at feeding 
time and the grain-feed measured ; then the slide door was 
raised and the feed put into the stall. The total time the 
slide was open did not exceed two minutes per day. Feed- 
ing and watering were regularly done between 7 and 7 :30 
a. m., and between 5 and 5 :30 p. m. 

Three animals were used in this feature of our work 
and the results were studied at the end of periods varying 
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from six hours to twenty-one days. The percentages of 
CO2 varied all the way up to 2.67, and the relative humidity 
up to 99 or practical saturation. Moisture gathered very 
freely on ceilings and walls and would even run down here 
and there in tiny streams. It is scarcely possible to imag- 
ine a stable where more unsanitary conditions, according 
to accepted standards, are maintained than in this stall. In 
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Fig. 13.— Door of Closed StaH (Stall 2). 

some experiments we used one animal to vitiate the 
atmosphere, and then by making very quick changes in- 
troduced an animal from free air suddenly into the Closed 
Stall. In some cases we studied our subjects at varying 
periods of continued confinement. We compared the data 
thus obtained with similar data for the same animal under 
free air conditions. The animals used for this work were 
owned by the Dairy Division of the Experiment Station. 
Yellow Jim was a grade Jersey steer 12 months old when 
our experiments began, in April, 1904. Red Jim was a 
grade Short Horn bull 8 months old when our work began. 
Six months after the work began a third animal, Brindle 
Jim, was used. This was a grade Guernsey, 18 months 
old. No blood counts or stall readings were made from 
him, he being used to vitiate the air of the Closed Stall 
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before placing in it either Red or Yellow Jim. The health 
of each animal was good throughout the entir-e time of 
the experiment. Red Jim had two slight attacks of 
diarrhoea and once Yellow Jim was off his feed, but fortun- 
ately these ailments always occurred when the animals 
were in the Open Stall, and temporarily out of the experi- 
mental work. So far as we were able to determine, none 
of these ailments resulted from the confinement in the 
Closed Stall. 

When the animals were off experiment work they had 
the run of a small paddock with fresh water and grass in 
addition to their usual grain feed. During the summer of 
1905 Red Jim and Yellow Jim were dehorned. After the 
operation they did well; healing progressed rapidly with- 
out interference to any part of the experiment work. ^~Sev^ 
eral days after dehorning Red Jim was placed in the 
Closed Stall where the air was very foul, and healing pro- 
gressed just as rapidly as on Yellow Jim, in the Open Stall. 

Both animals received the same kind of grain feed, 
usually bran and ground corn, and sometimes barley and 
oil meal in addition. During the early part of the work 
each received about two pounds of grain feed twice daily. 
Later, as the animals increased in weight the quantity of 
grain was increased. The hay was usually timothy of good 
quality. At the beginning of the work. Yellow Jim receiv- 
ed 5 pounds twice daily, and Red Jim 4 pounds. Later this 
quantity was also increased. 

The animals in the Closed Stall had access to clean 
water at all times. The animal in the Open Stall was 
watered twice daily. Clean oat straw was used for bed- 
ding. The manure from the Open Stall was removed 
twice daily and clean straw put in its place. Fourteen to 
eighteen inches of straw was put on the floor in Closed 
Stall and an animal placed upon it to foul the air. On one 

occasion the Closed Stall was continuously occupied by 
the same animal for a period of three weeks without sup- 
plying clean bedding. 
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Stall conditions. — ^After the work had been in pro- 
gress for a short time the windows, walls and ceiling of 
Closed Stall became covered with water, which at times 
ran down the walls and dripped from the ceiling. The 
quantity varied with the condition of the weather. After 
the stall had been closed several days at the beginning 
of series "B," mould began to appear on the walls, and 
gradually increased until almost the entire wall surface 
was covered. After the Closed Stall was in use several 
weeks, it was noticed that the paint was softened in several 
places on the wall and running down with the water. This 
continued until almost the entire wall surface was bare of 
paint. 

After entering the Closed Stall at the close of a period 

to make a reading, or remove an animal, one was forcibly 
impressed by a stifling air, its excessive moisture, and the 
apparently high temperature. The first few minutes one 
invariably had a slight difficulty in breathing, this soon 
passed away, and he began to sweat, and feel uncomfort- 
ably warm. This condition did not last long, perhaps five 
minutes, after which no unpleasant effects were noticed. 
After leaving the stall the outside air seemed cold, and so 
light that one involuntarily took several very deep inspira- 
tions. The odor of manure did not become sufficiently 
strong to be offensive, even at the close of a 10 day period. 

No estimate was made of the quantity of ammonia 

« 

present in the air. In Closed Stall, Series "B," the odor 
of ammonia was hardly noticable; in Series "C" it was 
considerably stronger; in Closed Stall, Series "D'' it was 
not strong enough to be offensive. 

Work done. — Our studies at first included the red 
blood cells, leucocytes and haemoglobin. Then we took up 
promptness of coagulation and specific gravity of the blood. 
Still later we took up the urine, making analyses and com- 
parisons under similar conditions as for the blood. Re- 
cently we have undertaken to secure our desired data and 
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basis for estimate, by intravenous urine injections for 
rabbits, studying the effect of this close confinement on 
the toxicity of urine, and have had some surprising results. 
If this does not give us the information desired, we wrill 
next take up the reducing power of the urine comparing 
for the two conditions; and then if necessary the bacteri- 
cidal power of the serum, and the phagocytic power of the 
leucocytes. 

When this work was begun, a number of blood counts 
were made from each animal confined, in an Open Stall 
with varying amounts of ventilation, but never with the 
outdoor air entirely cut off. This gave a large number of 
counts under varying conditions of ventilation. All counts 
made under the above conditions were placed together, 
the counts from each animal forming a separate table. 
These tables were called, Series "A.''* Reference to the 
tables will show that the early part of the work did not 
include as many items as the latter part. As the work 
progressed new questions were constantly presenting 
themselves. Some of these were taken up at once; others 
were reserved for future investigation. Hence, the greater 
completeness of the last part of the table. 

After the preliminary work was completed — as out- 
lined above, the Closed Stall was put into use. Yellow 
Jim was placed in the Closed Stall with an abundance of 
straw bedding. His blood counts and a record of stall 
conditions were taken at varying intervals of several days 
each. This was continued for about ten days, or until the 
straw on the floor was well saturated with urine and feces. 
Then Yellow Jim was removed for a time, long enbugh to 
remove the manure from the stall and put in its place some 
clean straw. This work took about one hour. Then 
Yellow Jim was again placed in the stall and blood counts 
and records of stall conditions taken as before. This was 
continued until several counts had been made from the 
Closed Stall. These results were collected into a table 
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and called Series "B"*. During the time Yellow Jim 
was in the Closed Stall, blood counts and stall readings 
were made from Red Jim in the Open Stall. These were 
collected into a table, also to form a part of Series "B/' 
Thus we have in Series "B" two tables, one for Yellow Jim 
in the Closed Stall and the other for Red Jim in the Open 
Stall. 

In Series "C"* we have blood counts and stall readings 
from Red Jim in the Cosed Stall and Yellow Jim in the 
Open Stall. The general management of the work to 
form these tables was the same as in Series "B.** 

Series "D"* contains four tables. Each animal w^s 
used in both Open and Closed Stall. First a blood count 
and stall reading was made in the Open Stall, then the 
animal was placed in the Closed Stall which had been 
previously befouled by another animal, Brindle Jim, kept 
for this purpose alone. In Series **B" and "C" each animal 
was kept in the Closed Stall for a number of days, and 
perhaps developed an immunity to the conditions of poor 
ventilation or became acustomed to the surrounding 
atmospheric conditions to such a degree that little change 
was noticable in his blood count. To determine if this 
was actually the case. Closed Stall was fouled by Brindle 
Jim and then after making a blood count from Red or 
Yellow Jim, kept in open air for a time varying from two 
to fourteen days, we placed him in the Closed Stall already 
fouled, for periods varying from six to forty hours. At the 
end of each period a blood count and stall reading were 
again made for comparison with the Open Stall readings. 
This gave us material for two tables for each animal, one 
from the Open Stall and the other from the Closed Stall. 

The blood for this work was taken from a 
subcutaneous ear vein. We tried repeatedly to 
use jugular blood, but found this procedure un- 
satisfactory with cattle for several reasons, and gave 
it up. We will not go into details of the technique em- 
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ployed, but merely report in a general way that the blood 
counting was done with the ordinary Thoma-Zeiss count- 
ing apparatus. We tried the hematocrit, but did not find 
it satisfactory. Hemoglobin was estimated with Fleis- 
chel's hemoglobinometer. The Talquist scale was tried 
but was -unsatisfactory. The period of clotting was es- 
timated in the following way: a drop of fresh blood was 
received on a clean microscope slide and a needle placed 
in a handle for convenience was dipped in this drop of blood 
and raised at frequent intervals. When the needle took 
up a delicate thread of fibrin this was then counted the 
period required for coagulation. 

The urine work for phosphates, sulphates, chlorides 
and albumen was done by the centrifuge method, urea was 
estimated by the sodium hypobromite method with the 
Doremus ureometer. Sugar was estimated by the simple 
yeast fermentation test in graduated fermentation tube, 
and also by Fehling's test as modified by Purdy. 

Immediately after placing an animal in the Closed 
Stall, and again just before removing him, a sample of air 
was taken for analysis. To do this, water was siphoned 
from a bottle connected with the stall by means of a small 
rubber tube. As the water flowed out of the bottle, air 
from the stall was drawn in through the rubber tube, 
connecting it with the stall. The carbonic acid was deter- 
mined by Hesse's method, slightly modified to adapt it 
to our apparatus. It consists in absorbing dll the carbonic 
acid in the bottle with a solution of barium oxide of such 
strength that 1 c. c. of the solution will absorb 1 c. c. of the 
carbonic acid. By knowing the volume of the bottle and 
the quantity of barium solution necessary to absorb all 
the carbonic acid, a mathematical calculation will deter- 
mine the volume per cent, of carbonic acid in the sample 
of air. 

When counting the red corpuscles, a small drop of 
diluted blood was placed in the chamber of a Thoma- 
Zeiss apparatus, and the corpuscles in a group of thirty-six 
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small squares were counted. After cleaning the chamber 
the corpuscles in a group of thirty-six small squares from a 
second drop were counted. A third drop was similarly 
counted. The final calculation of the number of corpuscles 
per cubic millimeter of blood was based on the total num- 
ber of corpuscles counted in the 108 small squares. 

When counting white corpuscles four drops of diluted 
blood were used, counting the corpuscles in five columns 
from each drop; the number of white corpuscles in twenty 
columns of diluted blood were taken as a basis for the 
final calculation of the number of white corpuscles in a 
cubic millimeter of blood. 

The specific gravity of a drop of blood was measured 
by Hammerschlag's method. A mixture of chloroform 
and benzole was taken to the animal's stall in a urinometer 
glass. A drop of fresh blood was allowed to fall from the 
puncture on the ear into the mixture, where it floated as a 
red bead. The specific gravity of the mixture was then so 
adjusted by the addition of either benzole or chloroform 
that the blood remained stationary in the fluid midway 
between the top and bottom. Then the specific gravity of 
the mixture, as determined by a Squibb's urinometer, was 
considered the specific gravity of the blood. The urino- 
meter glass was perfectly dry before pouring in the mix- 
ture to avoid the presence of small globules of water. A 
large drop was found more satisfactory than one or several 
small ones. Care was also taken to avoid breaking up the 
drop, should it adhere to the wall of the vessel. The drop 
of blood should fall directly into the chloroform mixture; 
it should not touch the sides of the urinometer glass or 
run down into the fluid. 

Results. — It will be seen by reference to Table of 
Analyses, to be published in the second bulletin of this 
series, that the only records materially varied in a long 
series of averages, as between Open Stall and Closed Stall, 
were the pulse, which was very slightly increased; res- 
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piration, slightly increased; temperature, slightly in- 
creased for one animal and not with the other. The aver- 
age period required for blood clotting was quite materially 
increased. There was a moderate average decrease of red 
blood cells for both animals, also a slight decrease of white 
blood cells in each case, but it is probable that no special 
significance attaches to either of these. The ratio of red 
to white was increased in one case, decreased in the other. 

The adaptability of the animal organism is very great. 
Claude Bernard showed that animals confined in small 
space acquired very marked tolerance of CO2, and volatile 
bodies that accumulate under such conditions, living for 
hours under conditions in which suddenly introduced ani- 
mals die very promptly. 

We were unable to closely repeat Bernard's experi- 
ment in full, substituting these larger animals, but would 
reasonably expect similar results. In one case we had an 
animal show a peculiar intoxication, when he had been 
several days in an unusually foul air (foul when he en- 
tered). This condition soon passed ofT after he was taken 
out. 

In our experimental work with the animals it became 
very evident that when the air was gradually contaminated 

they acquired a very high degree of tolerance. For in- 
stance, the steer, Yellow Jim, after confinement in Closed 
Stall for thirty-seven days seemed in perfect comfort. He 
would eat, drink and lie down, get up and stretch lazily; the 
respiration and pulse were but slightly disturbed, and he 
continued to make true gains at the rate of one pound per 
day for this period of 37 days. During this time the steer 
was taken out once each week to weigh and to clean stall, 
and was out each time about 60 minutes. Bearing in mind 
that this was a Guernsey of very poor beef type, it would 
seem that this indicated a development of a very high de- 
gree of tolerance or practical immunity. At one time 
Brindle Jim was confined in Closed Stall continuously for 
28 days, the longest continuous period we used at any 
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time. This steer was not out of the stall during this time 
and he had no ventilation except that given in feeding by 
the method already described, and a trifling amount" that 
occurs around a snug window casing and around the close 
fitting door, and yet he seemed to feel well; he ate and 
drank, rested comfortably, and appeared to be in perfect 
health.. 

Brown Sequard and d^Arsonval injected guinea pigs 
with moisture accumulated in a closed room and concluded 
that it was toxic. Several experimenters, however, among 
them Dastre, Loye, and Lehman deny the existence of 
such toxicity. 

Our experimental animals were confined in the Closed 
Stall previously described. The atmosphere was satur- 
ated with moisture and we had varying percentages of 
CO2 all the way up to 2.67, and with all of the mysterious 
organic materials that would be excreted from the lungs, 
according to all writers on animal and human hygiene, in 
periods varying from two to 28 days. None of the bodily 
functions were materially disturbed so far as we have been 
able to determine. The confined animals seemed to be in 
perfect comfort, breathing easily. They would rise and 
stretch lazily, as thrifty, well fed cattle do. We were not 
able to detect any evidence of unthrift whatsoever or any 
injurious physiological effect. Indeed, one animal gained 
a pound a day under such conditions for Zl days, and a 
small, grade yearling Jersey at that. This was a real gain, 
too. He was in good condition and had been on full feed 
for some time before this period began. The weighings 
were sufficient in number and made under conditions that 
would exclude false gains. 

And as concerning the bad healing of wounds in un- 
v.entilated stables, granting that this is a frequent experi- 
ence, permit us to record the fact that we recently de- 
horned two of our experimental steers. One was con- 
fined in the Closed Stall under the worst imaginable con- 
ditions of stabling — so far as chemical contamination of 
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the air was concerned ; the other was in free air during the 
healing process. The steers are about the same age and 
apparently of about the same vigor of tissue nutrition and 
general health. There was practically no difference in the 
rapidity of healing. 
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SUGGESTIONS. 

The Standard dictionary defines health as: "That 
state in which all the natural functions are performed 
freely without pain or disease." 

Gould's Medical Dictionary gives it as : "That condi- 
tion of the body and its organs necessary to a proper per- 
formance of their normal functions.'* 

Dr. James Law expresses the following opinion for 
this bulletin : 

■ 1st. Health presupposes the concurrent, harmonious 
exercise of all the bodily functions. 

2nd. Less generally, health presupposes the absence 
of all structural change or variation • • • • 

3rd. Health presupposes the absence from the sys- 
tem of all pathogenic microbes. * • • • 

4th. Health presupposes the absence from the sys- 
tem of all pathogenic parasites. * * • • 

5th. Health presupposes the absence of all exotic 
poisons, which can, when in excess, disturb the exercise 
of healthy function. 

Dr. P. A. Fish says for this bulletin : "I would regard 
an animal as being in 'Normal Health 'when all of the 
ascertainable physiologic phenomena of the body remain 
within certain standardized limits : i. e., number of pulse 
beats and respirations per minute; temperature; number 
of red and white bood cells per cu. m. m. ; percentage of 
hemoglobin ; quality and quantity of constituents of urine ; 
appearance of visible mucous membranes ; data obtainable 
from percussion and auscultation; etc. 

"Health is Nature's endeavor to maintain the proper 
equilibrium of the body tissues and functions. Sickness 
may be regarded as an interference with Nature's effort 
to maintain equilibrium/' 
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Dr. E. V. Wilcox says for this bulletin : 

'*An animal in normal health should show: 

(1) Average normal temperature for the species 
with only such variations as occur from various causes 
usually within the range of 1° F. 

(2) A normal strength of heart beat (neither too 
soft nor too hard). 

(3) A normal rate of respiration as judged by the 
amount of exercise and other conditions surrounding the 
animal. 

(4) Absence of unusual respiratory sounds. 

(5) Good appetite. 

(6) A normal appearance of the coat. 

(7) Bright facial expression (an important indica- 
tion of absence of pain and of a general comfortable con- 
dition). 

(8) Normal excretory products. 

(9) The maintenance of body weight without un- 
explained loss.'' 

It has been shown that in the old stables of the Alfort 
Veterinary School, which were badly crowded and poorly 
ventilated, cases of pneumonia and severe wounds rapidly 
assumed a serious character and often terminated fatallv. 
After the buildings were enlarged and the sanitary con- 
ditions improved, the losses reduced materially. It is also 
recognized that if almost any epizootic occurs among 
horses, e. g., pneumonia, glanders-farcy or influenza, it 
is very much more fatal in badly ventilated stables than in 
stables where other conditions prevail. An oft quoted ex- 
ample is one concerning the French cavalry, wherein it 
appears as a matter of record that an actual mortality of 
19 per cent, was reduced to less than 7 per cent, within a 
few years by merely increasing air space. Boston suffered 
an historical outbreak of influenza among horses in the 
late 50's, and we are told that in these stables grouped as 
''good/' "fair," and "bad," according to heat, light, dryness 
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and ventilation, that they gave a respective mortality in 
proportion of 1, 3 and 5. 

We can easily accept a revised explanation of ventila- 
tion and regard these statements as very probable. We 
need only to revise the explanation. 

May it not be that when wounds heal badly in im- 
ventilated stables, it is so because of other factors than 
chemical contamination of the air? 

It is perhaps not too early to express a preliminary 
suggestion based on present available information, includ- 
ing research material to be pubHshed later, and with the 
quoted definitions of health in mind: That Parke's dictum, 
''Health and Disease are in direct proportion with the foul 
and pure air,'' is probably as true as such a generalized 
statement may be, but possibly based on a very erroneous 
theory. 

That when animals confined in unventilated stables 
are injuriously affected, it is so because of lack of exercise, 
lack of sunshine; concentration of pathogenic micro- 
organisms and perhaps other factors not now understood. 

That the amount of CO2 present under any probable 
conditions of stabling, or any probable lack of oxygen is 
not seriously important. 

That the amount of ammonia which accumulates un- 
der any ordinary conditions may be disagreeable, but not 
seriously harmful except that it may possibly be slightly 
irritating to the ocular and nasal mucous membranes; 

That the amount of CO2 present in an atmosphere is 
a very unreliable guide as to the hygienic condition of the 
stable or even of the air alone. 

That the elusive so-called organic matter if harmful 
at all is so because it furnishes favorable conditions and 
perhaps food materials for pathogenic bacteria. 

We may have a reasonabe inference that a well lighted 
but unventilated stable is much superior from a sanitary 
standpoint to a supposedly well ventilated but poorly 
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lighted onCj for the pathogenic micro-organisms do not 
thrive in the sunlight. 

Apparently we need not plan our ventilating shafts, 
or any portion of the stable ventilation system- with a 
special view to taking care of the CO2. 

It is barely possible that CO2, within ordinary stable 
limits, is useful in taking care of ammonia by combination 
with it, and forming ammonium carbonate, thus reducing 
the loss of manurial value and lessening the disagreeable 
prevalence of free ammonia gas. 
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SUMMARY. 

Introduction, purpose of the bulletin, and need for a great deal 
of work along this line. 

Available information on the subject of Stable Ventilation id 
limited and its value greatly lessened by wide variations in the state- 
ments of different writers. 

The real problem at issue in this present study is: How little 
air is compatible with normal health and comfort of the stock and 
with economic feeding in northern climates during mid-winter? The 
question of stable ventilation during the summer season requires very 
little consideration. 

Stable air, according to various authorities, shows a variation 
of CO between .057 per cent, and 1.07 per cent.. It is difficult to es- 
timate the value of these figures because of lack of important details. 
In our own work we had stable air containing as high as 2.67 per cent. 
CO . Ordinarily in this work, when Closed Stall conditions were 
very bad, the per cent, would range between .52 and 1.09. 

The CO content of the air increased during varying periods up 
to a maximum, then did not increase further but very frequently de- 
creased without added ventilation. 

Respiration as related to ventilation — a physiology study, es- 
pecially of the condition under which gases are taken from the air, 
held in the blood and released to the tissues, or to the air. This is 
mainly a question of chemical combinations, assisted or hindered by 
Varying partial pressures and tensions. 

Injurious effects of foul stable air. A survey of the teachings 
on the subject gives a reasonable conclusion that the popular im- 
pression concerning the general harmfulness of foul stable air may 
be, in a general way, correct; but the explanations may be very gravely 
doubted. 

A study of available evidence on this point shows that animals 
may utilize to good advantage and frequently without harmful effects, 
atmospheres varying widely from the normal in either oxygen or 
CO , and perhaps in both. 

A report in the Year Book of the Department of Agriculture 
for 1904, contains a report of work on the human by Dr. Atwater on 
"The Respiration Calorimeter" which strongly supports this con- 
clusion, and also corroborates our results in original work in progress 
at the Minnesota Experiment Station for several years. 

Original Work. It seemed necessary first of all to define the 
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injurious effects of ordinary chemically foul stable air, and to es- 
tablish, if possible, some standard or method of measuring such 
physiological effect. We wish to establish also, if possible, a range 
of permissible impurity above which, contaminations become dis- 
tinctly harmful; also to establish a standard of normal health for 
purposes of comparison; and to determine the least amount of air com- 
patible with normal health, comfort and profit. 

Method of Work. Certain specially prepared stalls were util- 
ized so that ventilation could be controlled and known within very 
close limits. Laboratory data with blood and urine, taken at certain 
intervals and results carefully tabulated for comparison. This feature 
is to be published in subsequent bulletin. 

Work with the blood included counting the red and white cells; 
estimating hemoglobin, period of coagulation, and specific gravity of 
the blood. In later work urine was taken up, making analyses and 
comparisons under similar conditions as for blood, and still later in- 
travenous urine injections for rabbits. This laboratory work, to- 
gether with tables and conclusions will appear in the next bulletin 
on this subject. 

The only records materially varying in a long series of aver- 
ages as between Open and Closed Stall conditions, as stated for the 
Closed Stall were — pulse slightly increased, respiration slightly in- 
creased, average period for blood clotting materially increased. 
Changes in the red and white blood cell counts were not uniform 
and the results are given no special significance. 

Our results show that the adaptability of the animal organism 
is very great — corroborating statements of Claude Bernard and others. 

When animals were confined in a slowly contaminated atmo- 
sphere there was no appreciable effect, even though the atmosphere 
varied very widely from a normal air and contained large propor- 
tions of substances which have been supposed to be actively in- 
jurious. 

One steer was confined in the Closed Stall for 37 consecutive days 
and seemed to be in perfect comfort, showing every symptom of being 
at ease, and there were no variations from the normal that could be 
detected by laboratory and clinical methods used. 

Suggestions in the nature of preliminary conclusions: Normal 
health is defined: 

(1) Historical statements concerning the unwholesome- 
ness of badly crowded and unventilated stables are conceded to 
be in the main correct as to actual facts, but the accepted ex- 
planations may be seriously questioned. 

(2) That when animals confined in unventilated stables 
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are injuriouBly affected, it is so because of other conditions and 
causes than those usually accepted. 

(3) That the amount of CO present in any ordinary 
stable, or any probable lack of ogygen is not seriously important. 

(4) That the amount of CO. present in the atmosphere 
is a very unreliable guide as to hygienic conditions. 

(5) That the mysterious and oft quoted "organic mat- 
ter/' if harmful, may be so because it furnishes favorable con- 
ditions for disease producing bacteria. 

(6) That a well lighted stable with poor ventilation is 
superior from a sanitary standpoint to a well ventilated but 
poorly lighted one, since the injury, if any there be, apparently 
comes from disease producing bacteria and various other causes 
rather than from harmful gases. 

(8) That the ventilation pland for a stable need not be 
made with any special consideration for CO . 
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—Red Jim, April. 1905. 
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Fig. 16.— Yellow Jim, April, 1906. 



STABLE VENTILATION. 



(Uaed to foul i 



Yellow Jim.) 



(In TantlUtlon work (rom , , ^ 

•xposBd to Stall conditions In toulinx the atmosphere for I< 
anJi Yellow Jim under condltlona that are scarcely possible 
stock farm.' 



Reprint of Bulletin 99 

THE CALCULATED AND DETERMINED ISTUTRL 

ENTS OF RATIONS. 

J. A. Hummel. 

In the computation of a balanced ration, for the feeding of 
live-£tock, the average composition and digestibility of the 
foods as gi\en in the standard works on feeding are used for 
calculating the digestible Eutrients of the ration. A large num- 
ber of direstion experiments have been made to determine the 
digestibility of the various nutrients of our com-mon farm grains 
and forage crops. It is known that there are a number of fac- 
tors whi?h influence digestibility^ as mechanical composition, 
combination with other foods, and individualty of the animal. 
There are also a number of factors which influence the com- 
position of foods, as soils, climatic condition, care of the forage 
or crop, and stage of maturity when cut. To what extent do 
these factors influence the amount of digestible nutrients in an 
average ration composed of a number of food materials? And 
to what extent do the nutrients of a ration determined by cal- 
culation in the usual way, compare with the actual digestible 
nutrients as determined by digestion experiments? It was the 
object of this invertigation to obtain data upon these questions. 

If there is no general agreement between the actual and the 
calculated nutrients of rations, then the subject of the rational 

feeding of farm animals is not well founded, while, if there 
is a reasonable and a general agreement between the two, then 
the tables of digestible nutrients of foods as given in standard 
works on live stock feeding can be accepted as reasonably cor- 
rect. The main problem of live stock feeding is then, — ^How 
much of the various nutrients is it desirable to feed for specific 
purposes? Fortunately for this investigation, the Division of 
Animal Husbandry had another, but related problem to in- 
vestigate, which enabled this work to be conducted on a co- 
operative basis. 

The Division of Animal Husbandry had for one of its objects 
the determination of the amounts of nutrients required to pro- 
duce definite gains in weight, while the Division of Agricultur- 
al Chemistry had for its object, a comparison of the actual and 
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calculated nutrients of the ration. The influence of the rations 
upon the. gains in live weight will be discussed in a future bul- 
letin by the Division of Animal Husbandry. The Division of 
Animal Husbandry attended to the feeding and care of the 
animals, collection and weighing of the excrements, while the 
Division of Agricultural Chemistry sampled and analysed all 
of the food materials, feces and urine. The digestion trials 
extended over a period of four days, beginning with March 
6th, 1903. Six steers were used in the experiment. The ration 
consisted of bran, oats, cornmeal, oil cake, timothy hay and 
corn fodder. For several weeks prior to the digestion trials, 
the steers had been fed on this ration. A marker, consisting 
of a small weighed amount of whole com was given each animal 
one-half hour before the first regular feed at the beginning of 
the experiment, to determine the time at which the collection of 
the feces should begin. At the close of the experiment, a 
similar marker was used. It was found that the corn given in 
this way proved a very satisfactory marker. 

The foods consumed during the digestion trials were care- 
fully weighed and analysed. Samples of the hay and concen- 
trates were drawn at each feeding. In the case of the hay and 
corn fodder two sets of samples were taken. One was kept 
in an ordinary burlap bag during the experimental period, the 
other in a tightly covered can. The results of the dry matter 
determination of these two sets of composite samples are given 
in the following table: 

Table No. LIV. Dry Matter Content of Hay and Corn Fodder. 



Hay kept in Bag. 


1 


82.14 


2 


83.52 


3 


81.86 


,4 


81.74 


6 


81.24 


6 


81.45 


Average 


81.99 



! 1 



Hay kept in Can. 


1 


83.13 


2 


83.97 


3 


81.53 


4 


83.10 


5 


81.40 


6 


80.87 


Average 


82.33 



There was considerable difference in the individual samples 
but the averages show very little difference in the dry matter 
content of the samples kept in the two ways. 

The daily ration consisted of 14 lbs., of ground feed made 
up of four parts by weight of com-meal, three parts of bran, 
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two parts of oats, and one part of oil cake, ten pounds of tim- 
othy hay, and as much corn fodder as the animals would eat; 
this was usually about five pounds, and was always weighed. 
The corn fodder was not of the best quality, which accounts 
for the small amount eaten. The composition of the ground 
feed of the separate grains and milled products of the ground 
feed, of the timothy hay, and of the corn fodder, are given in 
the following table : 

Table No, LV, Compoisltlon of Foods Consumed* 

Perct. Perct. Perct. Perct. Perct. Perct. 

Water Protein Fat Ash Fiber Nitrogen 

Free Ex. 

Ground Feed 8.99 13.81 4.71 3.73 11.17 57.59 

Bran 10.42 13.80 5.45 4.49 18.87 46.97 

Oats 7.47 8.47 4.98 3.63 2i.78 53.67 

Corn Meal 8.25 9.79 5.04 1.66 6.71 68.55 

Oil Cake 8.24 32.41 8.31 4.51 13.66 32.87 

Timothy Hay* 7.47 2.09 5.17 40.62 44.65 

Corn Fodder 11.56 2.08 8.11 39.60 38.65 

♦Results on dry matter basis. 

It was found that the composition of the ground feed agreed 
so closely with the computed composition, using the analysis of 
the separate grains and mill products, that the grain mixture 
or concentrates could be considered as one food material in 
making the calculations and computations. 

EXPLANATION OF TERMS USED. 

A brief explana,tion of the terms used in the discussion of the 
results of this work is given. 

The term nutrient means any compound which can be di- 
gested and used for food purposes. Crude protein, fat, crude 
fiber, ash and nitrogen free extract, are the compounds ordin- 
arily included in the term, nutrients. 

Crude protein is a name given to a class of compounds which 
contain nitrogen as the characteristic element. Albumin, casein 
and fibrin, are examples of protein compounds. They are com- 
plex nitrogenous compounds. Crude protein is not the same 
in all foods, being more valuable in some than in others. In 
cereals for example, it is nearly all protein, while in roots and 
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tubers it contains other nitrogenous substances besides protein, 
hence ,in comparing two or more foods, the same value cannot 
be assigned to the crude protein unless the foods are of the 
same general character. The function of protein in the food is 
to build up the muscular tissues, skin, hair, horn, hoof, connec- 
tive tissue, and the tissues of the secretive and excretive organs 
of the animal body. It is also an important constituent of blood 
and milk. The protein found in the several- organs of the 
animal body is derived from the protein of the food and is not 
built up from other nutrients. Besides the uses of protein as 
given above, it may, if present in sufficient amounts, serve also 
as fuel to keep the body warm. The protein or nitrogenous 
part of a food is a valuabe nutrient to the body. It is the most 

expensive nutriment when purchosed ,and the one most often 
lacking in foods and rations. Food stuffs as clover and alfalfa, 

oil cake and cottonseed cake, and wheat and bran, are rich in 

protein, T^hile such food stuffs ai^ straw,- tijiiothy, hay, corn' 

stover, roots and tubers, are comparatively poor in protein. 

The fat is made up of carbon, oxygen and hydrogen. It ir 
used in the body to produce fat, and by its oxidation it sup- 
plies heat and energy to the body. 

Nitrogen-free-extract is a name given to a class of compounds 
sometimes called carbohydrates. The nitrogen free extract 
compounds are composed of the elements; carbon, hydrogen 
and oxygen, and differ from the crude proteins by containing 
no nitrogen. The nitrogen-free-extract includes the sugars, 
starch, and other carbohydrate like bodies which serve as fuel, 
and when properly combined with the proteids produce fat. 

The crude fiber is the cellulose or frame work of the plant. 
In most cases it is rather undigestible, although its value de- 
pends upon its physical condition, the crude fiber in a mature 
and dry plant being much more undigestible -than the crude 

fiber in a young plant fed in a green condition. The digestij)le 
part of crude fiber serves the same nutritive. fun,ction as nitro- 
gen-frecrextract. . < . , . ,^ 

The ash or mineral matter is the part of the food that cannot 
be burned. A portion is used to build up ..bpixe especially, aud 
is also found in small amounts in the'ftiusetilar tissues. ' 
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The dry matter of the solid excrements (feces) is for all 
practical purposes the undigested part of the food. It is that 
part of the food which passes entirely through the digestive 
tract of the body, subjected in this passage to the action of all 
the digestive juices secreted, and not being dissolved by these 
juices, it is useless to the body ,and is finally thrown out. With 
this undigested matter there is always more or less material 
which does not come directly from the food eaten, such as ma- 
terial from the bile and other digestive juices, but with normal 
rations this material is a small part of the solid excrement and 
so is usually disregarded. The several compounds such as 
protein, fat, etc., that make up a food material, are not all 
equally digestible, the sugar and fat being usually more com- 
pletely digested than the portein and crude fiber. 

The heat of combustion or caloric value of the foods was 
determined by means of an Atwater-Blakeslee bomb calorimeter, 
a description of which is given in a former bulletin of this 
station. No. 74. A Calorie is the unit of measurement of heat 
yielded by a substance when it burns, and is the heat required 
to raise the temperature of one pound of water 4 degrees Fah- 
renheit. This heat represented by a Calorie in the form of 
energy is equivalent to the work of lifting one ton 1.53 ft. 
When a given weight of food is oxidized or burned in the 

animal body it gives off almost as much heat as when burned 
in a calorimeter. When the carbohydrates are completely di- 
gested they leave no indigestible jresidue, but the proteids are 
not so completely digested, — ^they leave a residue (urea), which 
contains nitrogen, carbon and other elements. The difference 
between the total calories of the food and solid excrements or 
feces, does not represent the total amount of heat or energy 
which the animal has obtained from the food, because as stated, 
the oxidation of the protein in the body is not complete, and 
therefore does not yield as much heat as it does when burned 
in the calorimeter. In the body the protein is not completely 
hurried, urea and compounds of a similar nature being found, 

which contained unburned carbon, while in the calorimeter 

the oxidation is complete. Hence it is necessary to deduct this 

energy which is not available to the body. 
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In the calculation of- the results, the total weight of dry 
feces for the four days experimental period is multiplied by 
the percentage amounts of the various nutrients, as determined 
by analysis, and the products thus obtained are the amounts of 
the several nutrients which were excreted by the animal, and 
represent the undigested nutrient of the foods consumed. The 
amount of solid excrement voided by each steer and the com- 
position of the dry matter are given in the following table : 

Table No. LVI. Pounds of Solid ESxcrement, and CompoMltlon of Com- 
posite Samples of Feces. 



Lbs. of Solid Dry 


Matter 


Perct 


Perct 


Perct 


Perct 


Perct 


Cals 


Excrement 


Perct 


Protein 


Fat 


Fiber 


NFE 


Ash Per Gm. 


Steer 1 194.3 


15.51 


14.27 


2.59 


42.35 


29.73 


11.06 


4,530 


Steer 2 207.4 


16.51 


13.47 


3.02 


36.57 


34.84 


12.10 


4,395 


Steer 3 165.0 


16.85 


14.63 


3.53 


32.04 


37.63 


12.17 


4,581 


Steer 4 212.1 


15.94 


12.69 


2.89 


28.28 


44.53 


11.61 


4,646 


Steer 5 184.8 


15.65 


13.41 


2.97 


41.27 


32.05 


10.30 


4,694 


Steer 6 199.1 


16.08 


12.67 


2.58 . 


35.69 


38.71 


10.35 


4,635 



The nutrients consumed by the animals during the experi- 
mental period, and the amounts of indigestible matter in the 
feces, and also the percent of nutrients digested, are given in 
the following tables: 

Table No. LiVII. Results of Digestion Experiment No. 1. 

Dry Matter Protein Fat Fiber Carbo- Ash Cals. 
Pounds 
Steer 1. 

In ground Feed 51.00 

In Hay 33.05 

In Corn Fodder 9.39 

Total in Food..." 93.44 

In feces 30.10 

Digested 63.34 

Perct. digested 67.81 

Available calories 65 . 12 per cent. 

Table No. LVIII. Results of Digestion Experiment No. 2. 

Dry Matter Protein Fat Fiber Carbo- Ash Cals. 

Pounds hydrates 
Steer 2. 

In Ground Feed 51.00 7.78 2.64 6.25 32.25 2.09 107,580 

In Timothy Hay 33.50 2.50 .62 13.58 15.11 1.71 63,370 

In Corn Fodder 10.38 1.20 .21 4.06 4.07 .83 20,254 

Total in Food 94.88 11.43 3.47 23.89 51.43 4.63 191,204 

In feces 34.55 4.65 1.04 12.64 12.04 4.18 68,870 

Digested 60.33 6.78 2.43 11.25 39.39 .45 122. .^34 

Percent Digested 63.59 59.32 70.03 47.09 76.59 63,9? 

Available calories 61 . 97 per cenr. 







hydrates 






7.73 


2.64 


6.25 


32.25 


2.09 


107,580 


2.30 


.68 


13.55 


14.06 


1.67 


662,520 


1.11 


.19 


3.58 


3.75 


.76 


18,322 


11.14 


3.51 


23.38 


50.06 


4.52 


188,422 


4.30 


.78 


12.72 


8.97 


3.41 


61,850 


6.84 


2.73 


10.66 


41.09 


1.11 


126,572 


61.40 


77.78 


45.60 


82.08 


• • • • 


67,17 
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Table No. L.IX. Results of Disrestion Experiment No. 3. 

Dry Matter Protein Fat Fiber Carbo- Ash Cals. 

.Pounds hydrates 
Steer 3. 

Tn Ground Feed 51.00 7.73 2.64 6.25 32.25 2.09 107,580 

In Hay 32.68 2.40 .77 12.90 14.79 1.80 03,820 

In Corn Feed 8.32 .97 .20 3.19 3.28 .68 16.234 

Total in Food 92.00 11.10 3.61 22.34 50.32 4.57 18i^,634 

In feces 27.80 4.07 .98 8.91 10.46 3.38 57.770 

Digested 64.20 7.03 2.63 13.43 39.86 1.19 127 864 

Percent Digested 69.78 63.33 72.85 60.12 79.21 (>8.8{^ 

Available calories 66.73 per cent. 

Table No. LX. Results of Digrestlon Experiment No. 4. 



Dry Matter Protein Fat Fiber Carbo- Ash 

Pounds hydrates 
Steer 4. 

In Ground Feed 51.00 7.73 2.64 6.25 32.25 2.09 

In Timothy Hay 32.97 2.63 .77 13.61 14.34 1.71 

In Corn Fodder il3.91 1.53 .28 5.81 5.18 1.10 

Total in Food 97.88 11.79 3.69 25.67 51.77 4.90 

In feces ! 33.84 4.29 .98 9.57 15.07 3.92 

Digested 64.04 7.50 2.71 16.10 36.70 .98 

Percent Digested 65.43 63.61 73.44 62.72 70.89 

Available calories ....61.65 



Cals. 



107,580 
02.370 
27.1-2 

197 0'j2 
71,320 

125,772 
63,81 
per cent. 



Table No. LiXI. Results of Dlgrestion Experiment No. 5. 

Dry Matter Protein Fat Fiber Carbo- Ash Cals. 

Pounds hydrates 
Steer 5. 

In Ground Feed 51.00 7.73 2.64 6.25 32.25 2.09 107,580 

In Timothy Hay 32.53 2.47 .63 13.48 14.23 1.72 61,535 

In Corn Fodder 11.66 1.40 .23 4.61 4.49 .92 22,752 

Total in Food 95.19 11.60 3.50 24.34 50.97 4.73 191,867- 

In feces 28.87 3.87 .86 11.92 9.26 2.97 62,900 

Digested 66.32 7.73 2.64 12.42 41.71 1.76 128.767 

Percent Digested 69.67 66.64 75.43 51.03 81.83 67.11 

Available calories 64.83 per ceni . 

Table No. LXII. Results of Digestion Experiment No. 6. 



Dry Matter Protein Fat Fiber Carbo- Ash Cals. 

Pounds hydrates 
Steer 6. 

In Ground Feed 51.00 7.73 2.64 6.25 32.25 2.09 107,580 

In Timothy Hay 32.46 2.53 .65 12.98 14.70 1.60 61,400 

In Corn Fodder 13.21 1.49 .26 5.37 4.95 1.13 25,776 

Total in Food 96.67 11.75 3.55 24.60 51.80 4.82 194,756 

In feces 32.00 4.05 .83 11.42 12.39 3.32 67,270 

Digested 64.67 7.70 2.72 13.18 39.41 1.50 127,486 

Percent Digested 66.90 65.53 76.62 53.58 76.08 65.46 

Available calories 63.22 per cent. 



r*\ 
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The urine voided by each steer was collected and weighed 
during the experimental period. After weighing the samples, 
about a litre of each was taken to the laboratory, and the 

determination of specific gravity, total nitrogen and heat of com- 
bustion made. The specific gravity was determined by means of 
a urinometer — the readings in all cases corrected to a tem- 
perature of 15 degrees C. Total nitrogen was determined on 

about five grams by oxidation by the ordinary Kjeldahl method. 
J 'he heat of combustion was determined on about ten grams 

absorbed by a dried and weighed S and S absorption block 
placed in a nickel capsule. The block with the absorbed urine 
was dried in an air oven at 70 degrees C. When dry, the cap- 
sule was placed in the bomb-calorimeter, and the block and 
urine were burned in the usual way, correction being made in 
the calculation for the heat of combustion of the absorption 
block. 

In Table No. LXIV are given the results of these determina- 
tions made on the urine. The calories per gram of nitrogen 
were calculated by dividing the calories per 100 grams by the 
total nitrogen per cent. An inspection of this column shows 
that with two or three exceptions, the calories per gram of ni- 
trogen voided in the urine are quite uniform. 

Table No. LXIII. Income and Oatso of Nltrogren. 

Steer No. 1 Total nitrogen in feces 686 lbs. 

in urine 943 " 

excreted 1.629 " 

in food ..1.429 " 

Loss 2 " 

Steer No. 2 " " in feces , . .743 " 

in urine 995 " 

execrated ; 1.738 " 

in food 1,476 " 

Loss 902 

Steer No. 3 " " in feces 651 " 

in urine 734 " 

excreted 1.385 " 

in food 1.423 " 

Gain 038 " 

Steer No. 4 " " in feces .687 " 

in urine 667 " 

excreted 1.354 " 

in food 1.532 " 

Gain 178 " 

Steer No. 5 " " in feces 618 " 

in urine 811 " 
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No. 
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ft 
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ff 



excreted 1 . 429 

in food 1.503 

Gain 074 

in feces 64 

in urine 769 

excreted 1 . 409 

in food 1.526 

Gain 117 

Table No. LXIII shows the nitrogen balance for each steer or 
the amount of nitrogen taken into the body in the food as com- 
pared with that excreted with the urine and feces. There was a 
slight gain of nitrogen with steers, 3, 4, 5 and 6, and a slight 
loss of nitrogen with steers 1 and 2. 







Table I.X1V. 












Gms. urine 




Nit. 


Calories 


Cal. per 


1st. day- 


voided 


Sp. Gr. 


per cent 


per Gm. 


Gm. of N 


steer 


1 


9525' 


1.022 


1.05 


.1641 


15.6 


Steer 


2 


5330 


1.043 


2.17 


.3031 


13.9 


Steer 


3 


5332 


1.040 


1.95 


.1856 


9.5 


Steer 


4 


2382 


1.040 


2.07 


.3677 


17.7 


Steer 


5 


7144 


1.032 


1.45 


.1949 


13.4 


Steer 


6 


4536 


1.036 


1.95 


.2651 


13.6 


2nd. Day. 












Steer 


1 


6985 


1.027 


1.42 


.2118 


14.2 


Steer 


2 


4763 


1.044 


2.35 


.3245 


13.8 


Steer 


3 


6214 


1.025 


1.36 


.1991 


14.7 


Steer 


4 


3856 


1.038 


2.08 


.2952 


14.2 


Steer 


5 


. ... 6804 


1.031 


1.51 


.2062 


13.7 


Steer 


6 


6124 


1.026 


1.36 


.1914 


14.0 


3rd Day. 












Steer 


1 


10705 


1.022 


1.09 


.1451 


13.3 


Steer 


2 


5488 


1.045 


2.25 


.3156 


14.0 


Steer 


3 


6124 


1.033 


1.61 


.2174 


13.5 


Steer 


4 


4400 


1.040 


1.98 


.2753 


13.9 


Steer 


5 


6351 


1.033 


1.45 


.1946 


13.6 


Steer 


6 


.... 4173 


1.044 


2.18 


.3018 


13.8 


4th Day. 












Steer 


1 


10841 


1.018 


.99 


.1429 


14.5 


Steer 


2 


4536 


1.043 


2.20 


.3125 


14.2 


Steer 


3 


4218 


1.034 


1.98 


.2871 


14.5 


Steer 


4 


4082 


1.037 


2.10 


.2963 


14.1 


Steer 


5 


5443 


1.034 


1.37 


.2168 


16.9 


Steer 


6 


4717 


1.033 


1.82 


.2290 


12.6 


Averaere 










. . . .14.46 


Table 


No. L.XV. I 


Snminary DIki 


^stlon Coe 


ffldents o 


f Entire 


Eiation ai 



Steer 
' Steer 
Steer 
Steer 
Steer 



Determined By Digestion Trials. 

Carbphy- Available 

Fat Fiber 

Perct. Perct. 

77.78 45.60 

70.03 47.09 

72.85 60.12 

73.44 62.72 

75.43 51.03 



Dry Matter Protein 
Perct. Perct. 

1 67.81 

2 63.59 

3 69.78 

4 65.43 

5 69.67 



61.40 
59.32 
63.33 
63.61 
66.64 



drates 


Gals. 


Cals. 


Perct. 


Perct. 


Perct. 


82.08 


67.17 


65.12 


76.59 


63.98 


61.97 


79.21 


68.88 


66.73 


70.89 


63.81 


61.65 


81.83 


67.11 


64.83 



i 



130 CALCULATED AND DETERMINED NUTRIENTS OF RATIONS 



Steer 6 


66.90 


65.53 


76.62 


53.58 


76.08 


65.46 


63.22 


Average . . . 


67.19 


64.97 


74.36 


63.36 


77.78 


66.07 


63.92 



' In order to compare the actual amounts of nutrients consum- 
ed by the steers as determined by digestion trials with the cal- 
culated nutrients, tables LXVI, LXVII and LX VIII are given. 

Table ^o, LXVI gives the actual amounts of nutrients con- 
sumed in each steer during the four days of the digestion trials. 
These amounts are obtained bj'' multiplying the weights of nu- 
trients in the foods consumed by the amounts digested of the 
several nutrients as given above. 

Table No. LXVII gives the digestible nutrients based on the 
composition of the food as determined by actual analysis and 

average digestion coefficients ; and Table No. LXVIII gives the 
estimated digestible nutrients based on the average composition 
and digestibility of American Feeding Stuffs. 



Table No. LXVI. Digestible Nntrlentfi as Determined By Digestion Trials. 



Dry Matter Protein 



Pounds 
Steer No. 1 » 63.34 

Steer No. 2 60.33 

Steer No. 3 64.20 

Steer No. 4 64.04 

Steer No. 5 66.32 

Steer No. 6 64.67 

Averagre 63.82 



Fat Carbohydrates Ash 







and 








Fiber 




Pounds 


Pounds 


Pounds 


Pounds 


6.84 


2.73 


51.75 


1.11 


6.78 


2.43 


50.64 


.45 


7.03 


2.63 


53.29 


1.19 


7.50 


2.71 


52.80 


.98 


7.73 


2.64 


54.13 


1.76 


7.70 


2.72 


52.59 


1.50 


7.26 


2.64 


52.53 


1.17 



Table No. LXVII. Dlgrestlble Nutrients Calculated From Actual Analy- 
sis of Food In Ration and Averagre Digestion Coefficients. 



Dry Matter Protein 



Steer No. 1 63.78 

Steer No. 2 64.71 

Steer No. 3 62.89 

Steer No. 4 66.38 

Steer No. 5 64.94 

Steer No. 6 65.93 

Average 64.66 



Fat Carbohydrates Ash 







and 








Fiber 




7.88 


3.03 


49.07 


1.30 


7.42 


3.00 


50.26 


1.34 


7.25 


3.08 


48.52 


1.32 


7.60 


3.14 


51.64 


1.42 


7.51 


3.03 


50.30 


1.36 


7.58 


3.05 


51.11 


1.40 


7.54 


3.06 


60.47 


1.36 
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Table No. LXVIII. Dlgrestlble Nutrients Calculated from Average Com- 
position of American Feeding: Stuffs and Averase 

Digestion C<»efflcients. 



Dry Matter Protein 



Steer 1 64.50 

Steer 2 ; . r ,..65.39 

Steer 3 63.29 

Steer 4 67.50 

Steer 5 66.15 

Steer 6 67.30 

Average 65.69 



7.59 
7.59 
7.47 
7.71 
7.63 
7.70 
7.62 



Pat Carbohydrates 
and 
Fiber. 
2.95 53.47 

2.95 53.47 

2.88 51.64 

3.02 55.29 

2.98 54.10 

3.01 55.12 

2.97 53.84 



Table No. LXIX. Summary of Results. 



Dry Matter Protein Fat Carbohy- 
drates 
Pounds Pounds Pounds Pounds 

Digestible Nutrients as determined 
by actual trial, average, per day 
6 steers 15.95 1.82 .66 13.13 

Calculated digestible nutrients, us- 
ing analysis of foods and average 
digestion coefficients average per 
day 6 steers 16.16 1.88 .76 12.62 

Calculated digestible nutrients, us- 
ing average composition of Am- 
erican feeding stuffs and average 
digestion coefficients — average 
per day 6 steers.. 16.40 1.90 .74 13.46 

It will be observed there is a reasonably close agreement be- 
tween the actual digestible nutrients of this ration, composed of 
a mixture of com fodder and timothy hay, and bran, oats, oil 
meal and corn meal, and the calculated digestible nutrients. 
These results show that for all practical purposes the tables 
of digestible nutrients as recorded in standard works on feeding 
compiled from the average composition of American feeding 

stuffs and average digestion coeflScients, are sufficiently accurate 
for the general calculation of rations. The difference between 

the actual and calculated nutrients as found in this investiga- 
tion in which six steers of widely different types were used, was 
small ,amounting in one day to less than a quarter of a pound 
of dry matter, and less than one tenth of a pound per day of 
protein. 
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Similar results were obtained by Jordan & Jenter, Bulletin 
No. 141, New York State Experiment Station, in digestion 
trials, in which comparisons were made between the actual and 
the calculated nutrients of two rations, and a close agreement 
between the two was observed. 

In the case of the individual steers, the digestibility of the 
protein ranged from 59.32 to 66.64 per cent, and the car- 
bohydrates from 76.08 to 82.08 per cent. It is to be noted 
that in a mixed ration such as used in this investigation, only 
about two thirds of the dry matter was digested, and a little 
less than two thirds of the protein, and about three quarters 
of the fat and carbohydrates of the food consumed, were di- 
gested and utilized by the body. These results show that under 
the condition of the experiment in which a mixed ration was 
used from one third to one fourth of the nutrients were voided 
as indigestible matter in the feces. 

An examination of the tables shows that from the grain 
part of the ration about seventy per cent of the protein was 
supplied, while the hay and com fodder furnished about 30 per 
cent of the protein and fifty per cent of the carbohydrates of 
food consumed, were digested and utilized by the body. 

These results emphasize the desirability of using coarse fod- 
ders that supply the maximum amount of protein. In this in- 
vestigation an average of 63.92 per cent of the total energy of 
the ration measured in calories or heat units was available to 
to the body. In the daily ration the food supplies 47,875 calo- 
ries and 30,600 calories were available to the body. While 
this is apparently a large loss it is a more economical use of the 
fuel value than a steam engine where only about 15 per cent of 
the energy is available. 



COMPOSITION AND DIGESTIBILITY OF EMMER. 

J. A. Hummel. 

Emmer (Tr. sat. dicoccum Hackel) is a species of wheat which 
probably came originally from Russia . It is grown to a limited 
extent in Minnesota and other parts of the Northwest. There 
is another species called spelt (Tr. sat. spelta Hackel), very 
similar to Fmmer and often confused with it: Probably most 
of the grain grown in Minnesota and called spelt is really em- 
mer. Emmer resembles barley in many respects, having beard- 
ed heads. Each hull contains two kernels instead of one as 
in barley. In threshing, very few of the berries are removed 
from the hull. The hulled berries resemble ordinary wheat, 
but are longer and pointed at both ends. The yield of emmer 
is usually about the same as barley. It has proven to be a 
reliable crop and seems to be rust resistant. The table below 
gives the chemical composition of whole emmer, hulled emmer, 
spring wheat, barley and oats. 

Table No. LXX. Chemical Composition of IVhole and Hulled Elmmer, 

Sprlns Wheat, Barley and Oats. 

(1) (2) (3) (3) (2) (1) 

Whole Whole Barley Oats Hulled Spring 

Emmer Emmer Emmer Wheat 

Perot. Perct. Perct. Perct. Perct. Perct. 

Water 10.88 8.88 10.9 11.0 10.03 10.4 

Ash 3.89 4.33 2.4 3.0 1.84 1.9 

Fat 2.32 2.55 1.8 5.0 2.8 2.2 

Protein 10.5 9.81 12.4 11.8 11.69 12.5 

Crude Fiber 11.7 10.09 2.7 9.5 2.94 1.8 

Carbohydrates 60.71 64.34 69.8 59.7 70.70 71.2 

100.00 100.00 100.00 100.00 100.00 100.00 

(1) Minnesota Analysis. 

(2) North Dakota Analysis. 

(3) Henry's ** Feeds and Feeding." 

It will be seen from the table that in composition, emmer 
is almost equal to barley and oats. The large amount of fiber 
in the hull makes it bulky and suitable for feeding with more 
concentrated foods. The hulled emmer compares quite favor- 
ably in composition with ordinary spring wheat. 

DIGESTIBILITY. In order to obtain some data as to the 
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digestibility of eramer when fed as part of a ration and also 
to determine the difference in digestibility of ground and un- 
ground emmer, three series of digestion experiments were 
made. Two mature sheep were used for this work,, and the 
digestion trial extended over a period of four days. The details 
of the feeding and care of the sheep generally were attended 
to by the Animal Husbandry Division. The weighing, sampl- 
ing and analyzing of the liquid and solid excrements were 
carried out in the usual way. 

In the first trial the ration consisted of four pounds of 
alfalfa hay per sheep, and of six and seven pounds of un ground 
emmer for sheep No. 1 and No. 2 respectively for the entire 
period of four days. 

In the second trial the ration consisted of three pounds of 
alfalfa hay per sheep, and the same amounts of ground emmer 
as in the first trial for the period of four days. 

In the third trial the ration consisted of alfalfa hay alone: 
Sheep No. 1. consumed 8.5 pounds, and sheep No. 2, 9 pounds 
during the entire period, which in this trial was five days. 

The composition of the alfalfa hay for each of the three 
trials and of the emmer is given in the following table : 

Table No. LXXI. Composition of Alfalfa Hay and Emmer. 

Carbohy- 

Water Protein Fat drates Fiber Ash 

Percent Percent Percent Percent Percent Percent 

Alfalfa, 1st trial 9.21 13. 5f. 1.93 38.16 30.57 6.58 

Alfalfa, 2nd trial 12.70 15.08 2.33 24.81 36.50 8.58 

Alfalfa, 3rd trial 17.13 13.35 1.74 32.32 29.24 6.22 

Emmer 10.88 10.50 2.32 60.71 11.70 3.89 

Table No. I^XXII. Dlgrestlon Experfment^Unsrronnd E2mmer and Alfalfa. 

Dry Matter Protein Fat 

Lbs. Libs. Lbs. 
Sheep No. 1. 

In Alfalfa 3.632 .542 .077 

In Emmer 5.39 .963 .136 

Total in Food 9.022 1.505 .213 

In Feces 2.015 .313 .077 

Digested 7.007 1.192 .136 

Per Cent Digested 77.67 79.20 63.85 





Carbohy- 




Fiber 


drates 


Ash 


Lbs. 


Lbs. 


Lbs. 


1.223 


1.895 


.263 


.719 


3.992 


.189 


1.942 


5.887 


.452 


.844 


.488 


.292 


1.098 


5.399 


.160 


56.54 


91.71 


35.40 
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Sheep No. 2. 

In Alfalfa 3.632 .542 .077 

In Enimer 6.289 1.123 .159 

Total in Food 9.921 1.665 .236 

In Feces 1.958 .299 .073 

Digested 7.963 1.366 .163 

Per Cent Digested 80.26 82.04 69.02 



1.223 


1.895 


.263 


.839 


4.658 


.221 


2.062 


6.553 


.484 


.718 


.572 


.297 


1.344 


5.981 


.187 


65.18 


91.27 


38.63 



Table No. LXXIII. Digrestlon Experiment— Ground ESmmer and Alfalfa. 



Dry Matter 
Lbs. 
Sheep No. 1 

In Alfalfa 2.62 

In Emmer 5.35 

Total in Food 7.970 

In Feces 1.386 

Digested 6.584 

Per Cent Digested 82.61 

Sheep No. 2. 

In Alfalfa 2.62 

In Emmer 6.24 

In Total Food 8.860 

In Feces 1.769 

Digested 7.091 

Per Cent Digested 80.04 









C'vrliohv 


m 


Protein 


Fat 


Fiber 


drates 


Ash 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


.452 


.07 


1.095 


.744 


.257 


.63 


.139 


.702 


3.643 


.233 


1.082 


.209 


1.797 


4.387 


.490 


.182 


.047 


.50 


.447 


.208 


.900 


.162 


1.297 


3.940 


.282 


83.18 


77.51 


72.17 


89.81 


57.55 


.452 


.07 


1.095 


7.44 


.257 


.735 


.162 


.819 


4.250 


.272 


1.187 


.232 


1.914 


4.994 


.529 


.213 


.052 


.597 


.616 


.290 


.974 


.180 


1.317 


4.378 • 


.239 


82.06 


77.58 


68.81 


87.67 


45.18 



Table No. LXXIV. DIgrestion Experiment^ Alfalfa. 



Carbohy- 



Dry Matter 
Lbs. 
Sheep No. 1 

In Alfalfa 6.73 

In Feces 3.07 

Digested 3.66 

Per Cent Digested 54.38 

Sheep No. 2. 

In Alfalfa 7.38 

In Feces 3.30 

Digested 4.08 

Per Cent Digested 55.28 



Protein 


Fat 


Fiber 


drates 


Ash 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


1.090 


.142 


2.348 


2.64 


.506 


.357 


.124 


1.405 


.80 


.385 


.733 


.018 


.943 


1.84 


.121 


67.25 


12.68 


40.16 


69.70 


23.92 


1.190 


.154 


2.600 


2.88 


.554 


.353 


.125 


1.496 


.91 


.416 


.837 


.029 


1.104 


1.97 


.138 


70.38 


18.83 


42.47 


68.40 


24.91 



Table No. LXXV. Digestibility of Emmer Alone. 



Dry Matter Protein 

Lbs. Lbs. 
Sheep No. 1. 

In Emmer 5.39 .963 

In Alfalfa 3.632 .542 

In Feces 2.015 .313 

Undigested Alfalfa 1.64 .169 







Carbohy- 




Fat 


Fiber 


drates 


Ash 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


.136 


.719 


3.992 


.189 


.077 


1.223 


1.895 


.263 


.077 


.844 


.488 


.292 


.064 


.718 


.379 


.199 
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Undlgrested Emmer 375 .144 .013 

Digested 5.015 .819 .123 

Per Cent Digested 93.04 85 . 05 90.44 

Sheep No. 2. 

In Emmer 6.289 1.123 .159 

In Alfalfa 3.632 .542 .077 

In Feces 1.958 .299 .073 

Undigested Alfalfa 1.64 .169 .064 

Undigested Emmer 318 .130 .009 

Digested 5.971 .993 .150 

Per Cent Digested 94.94 88.42 94.32 



.126 


.109 




.093 


.593 


3.883 




.096 


82.47 


97.27 


50 


.80 


.839 


4.658 




.221 


1.223 


1.895 




.263 


.718 


.572 




.297 


.490 


.379 




.199 


.128 


.193 




.098 


.711 


4.465 




.123 


84.74 


95.86 


55 


.66 



Table No. LXXVI. Summary of Results of Digrentlon Trials. 



Unground Emmer Dry Matter 
and Alfalfa Hay Percent 

Sheep 1 77.67 

Sheep 2 80.26 

Ground Emmer and 

Alfalfa Hay. 

Sheep 1 82.61 

Sheep 2 80.04 

Alfalfa Hay. 

Sheep 1 54.38 

Sheep .2 54.83 

Averages 

Unground Emmer and 

Alfalfa Hay 78.97 

Ground Emmer and 

Alfalfa Hay 81.33 

Alfalfa Hay 54.83 



Protein 

Percent 

79.20 

82.04 



83.18 
82.62 

67.25 
70.38 



80.62 



Carbohy- 
Fat Drates Fiber Ash 

Percent Percent Percent Percent 
63.85 91.71 56.54 35.40 

69.07 91.27 65.18 38.63 



77.51 
77.58 

12.68 
18.83 



66.46 



89.81 
87.67 

69.70 
68.40 



91.41 



72.17 
68.81 

40.16 
42.47 



60.86 



57.55 
45.18 

23.92 
24.91 



37.02 



82.62 


77.55 


88.74 


70.49 


51.36 


68.81 


15.75 


69.05 


41.31 


24.41 



The results given in the tables show that a ration of emmer 
and alfalfa hay when fed to sheep has hi^h digestibility, es- 
pecially of protein and carbohydrates. The digestibility of this 
ration when fed to sheep is very much higher than the ration 
fed to steers recorded in Table No. LXV of the preceeding ar- 
ticle. The results also show the influence of grinding the emmer. 
The grinding of the emmer materially increased the digestibility 
of the protein, fat, fiber and ash and caused a decrease in di- 
gestibility of the nitrogen free extract. When the crude fiber 
and nitrogen free extract are considered jointly as carbohyd- 
rates, there was no appreciable difference in digestibility be- 
tween the ground and the unground emmer. In the case of 
sheep, the grinding of the emmer did not materially increase 
digestibility. 

The urine was collected, weighed and analyzed in order to 
determine the income and outgo of nitrogen. In the first 
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trial one of the samples was lost. The results of the calculation 
for the second and third trials are given in the following, 
table: 



Table No. LXXVII. Results of DlgrestloA Trials. 



J 



SECOND TRIAL Sheep 1 Sheep 2 

Lbs. Lbs. 

Nitrogen in Feces 029 . 034 

Nitrogen in Urine !..; 11 .153 

Nitrogen in Total Excrements laa 187 

Nitrogen in Food' L7.a 19 

Gain .05.4 003 

THIRD TRIAL. 

Nitrogen in Feces- .057 .05l6 

Nitrogen in Urine 148 . 200 

Nitrogen in Total Excrements 205 .256 

Nitrogen in Food 181 . 192 

Loss 024 .064 

It will be noticed that in every case the amount of nitrogen 
excreted in the urine is very much larger than that excreted 
in the feces. In the second trial in which the ration consisted 
of ground emmer and alfalfa hay, the nitrogen of the urine 
was four times that of the feces, and in the third trial in which 
the ration consisted of alfalfa hay alone, the nitrogen of the 
urine was about three times that of the feces. 

In the first and second trials in which the ration contained 
emmer a little more than a fifth of the nitrogen of the food was 
found in the feces. In the third trial in which the ration was 
alfalfa hay alone, a little over a third of the nitrogen of the 
food was found in the feces. There was a much more complete 
digestion of the ration of hay and grain than of the ration of 
hay a] one. 

The digestibility of alfalfa hay when fed to sheep was deter- 
mined in order to calculate the digestibility of the emmer 
alone. Using the digestion coefficients thus obtained for alfalfa 

hay, we find by calculation the digestion coefficients of the 
emmer alone, to be as follows: 

Table No. LiXXVIII. Dlgrestlon Coefficients of Emmer. 

Carbohy- 
Dry Matter Protein Fat drates Fiber Ash. 
Percent Percent Percent Percent Percent Percent 

Sheep 1 93.04 85.05 90.44 97.27 82.47 50.80 

Sheep 2 94.94 88.42 94.32 95.86 84.74 55.66 

Average 93.99 86.73 92.38 96.56 83.60 53.23 
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These results show a high digestibility for emmer when fed 
to sheep. In localities where emmer can be grown successfully 
it will be found a valuable addition to the ration of growing 
or fattening cattle. 

Table No. LXXIX. Digestible Nutrients In 100 Pounds. 

Protein 

Emmer 9.11 

Barley 8.7 

Oats 9.2 

Spring Wheat 10.2 

Springr Wheat Bran . 1J2.. 2 





^ 


Fat 


Carbohydrates 


2.14 


68.40 


1.6 


65.6 


4.2 


47.3 


1.7 


69.2 


2.7 


39.2 



THE HEAT PEODUCING VALUE OF THE CKUDE 
FAT OF FODDERS AND GRAINS. 

Harry Snyder. 

Fat is characteristically a heat producing nutrient ; a gram of 
fat when burned in the calorimeter yields about 9.5 calories, 
depending upon its source and composition, while a gram of 
starch yields about 4.2 calories. Any large admixture of non- 
fatty material in the ether extract or crude fat obtained in the 
analysis of fodders, must necessarily lower the caloric value. 
It is well known that the ether extract or crude fat from for- 
age crops contains appreciable amounts of non-fatty bodies as 
chlorophj'^ll, the green coloring matter in plants, also waxes, 
and nitrogenous fat-like bodies as lecithin. It was deemed ad- 
visable to determine by actual test, the heat of combustion of 
the ether extract from several coarse fodders, in order to as- 
certain the extent to which the non-fatty substances in the 

ether extract of fo^rage crops influence the heat of combustion. 
Corn fodder, corn silage, timothy hay and clover hay, were 

selected for the purpose, and the heats of combustion were 

found to be as follows: 

Table No. LXXX. Heat of Gombastloa. 

Ether Extract from : Calories per gram. 

Corn Fodder, 8,047 j 

Corn Silage, 7,545 

Qover Hay, 8,036 

Timothy Hay, 8,220 

It will be observed that the heat of combustion ranges from 
7,545 to 8,220 calories per gram. The foreign or non-fatty 
material in the ether extract lowered the caloric value from 11 
to 20 per cent. In an average dairy ration containing about .75 
pounds of crude fat, about two-thirds is derived from the corn 
fodder. From the ether extract of the coarse fodders, ordinarily 
about 2000 calories are derived. If the non-fatty materials in 
the ether extract reduce the heat producing power 15 per cent, 
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it would be equivalent to a reduction of 300 calories. Since all 

of the nutrients of the ration supply about 30,000 calories per 
day, the non fatty materials of the ether extract affects the total 

energy value of the ration to the extent of about one per cent — 
<not a very large factor, and which in the calculation of rations 
hiay be disregarded. While the chlorophyll reduces the heat 
of combustion of the ether extract, there are compensating 
factors; its presence in the fodder is a desirable characteristic, 
for the color of the fodder is due to chlorophyll and is an index 
of quality. Feeders justly give preference to well cured fodders 
of good color. When the fats of wheat and barley were ex- 
tracted and burned in the calorimeter, they yielded 9.34 and 
9.21 calories respectively, indicating that with these cereals the 
ether extract has practically the same caloric value as pure 
fat. 

The nitrogen content of the ether extracts from several fod- 
ders and grains was determined with the following results: 

Table 'No. LXXXI. Nitrogen content of Ether Extract. 

Nitrogen Content 
Ether Extract of Ether Extract. 
Per Cent Per Cent 

Clover Hay 2.45 .174 

Timothy Hay 2.10 .153 

Corn 4.20 .062 

Oats 3.52 .063 

Barley 2.16 .047 

Wheat 2.41 .043 

The nitrogenous matter in the ether extract from the grains 

was found to be much less than in that from the coarse fodders, 
as clover and timothy. In the case of wheat and barley, if all 

of the nitrogen of the ether extract is considered present as 
lecithin, there would be less than eight per cent of this ma- 
terial. 

The heat of combustion of the ether extract of grains in- 
dicates that in the calculation of rations it may be regarded as 
having the same energy value as fat; in course fodders, how- 
ever, the ether extract has an energy value of 11 to 20 per 
cent less than fat. 
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THE CABBAGE MAGGOT AND SOME OF ITS ENEMIES 



EXPLANATION OF COLORED PLATE. 

Fig. 1, Egg enlarged about 25 times. Fig. 2, Maggot, much 
enlarged. Fig. 3, Puparium enlarged about 3 times. Fig. 4, Adult 
Fly, three times enlarged. Fig. 5, Young cabbage plant, showing 
maggots on stem below ground, two puparia in soil a short distance 
from plant, two flies egg-laying, one placing its eggs between the 
stem and the soil, the other in a crevice about an inch from plant; 
a fly natural size on leaf, and one egg in the axil of one of the leaves. 
Fig. 6, a Red Mite, Trombidium scabrum, Say, which feeds upon the 
eggs. Fig. 7, Pseudeucoela gillettei, Ashm., much enlarged, a parasite 
of the Cabbage Maggot. Fig. 8, Pterostichus leucoblandus, Say, natural 
size. Fig. 9, Amara impuncticollis, Say, natural size. Fig. 10, 
Agonoderus pallipes, Fab., natural size. Fig. 11, Pterostichus coracinus, 
Neum., natural size. These four beetles when brought in from the 
field, immediately devoured cabbage maggots given them, and are 
therefore placed by the writer among predaceous enemies of Phorbia. 
Fig. 12, a parasite, Plectiscus, sp., about twice enlarged, reared from 
puparium of Cabbage Maggot. 



THE CABBAGE MAGGOT AND OTHER INJURIOUS 
INSECTS OF 1906. 

By F. L. Washburn, State Entomologist. 



THE CABBAGE MAGGOT. 



Tic. SO.— a cabbage plant "wilting down" as the result of the woik of the maggot. 
(Author's illustralion.) 

The Cabbage Maggot, one of the most destructhve pests 
connected with the raising of cabbage, cauliflower, turnips 
and radishes, has occupied much of our attention during the 
season just past, and enough has been accomplished this year 
to outline our experimental work for next season, narrowing 
it down to a few processes to be used, some on a small scale, 
others on a large acreage, which we are confident will give 
good results. In thfe mean while we have made some obser- 
vations, a few of them new to science possibly, which we 
include below. Many of these have a more or less practical 
bearing on remedial treatment. 

The pest is so wide-spread and of such economic im- 
portance that a colored plate precedes this article, illustrating 
the appearance of the fly, its life history, showing the method 
of egg-laying, and some of its enemies, for it must be known 
it does not lead an existence entirely free from dangers of this 
kind. 
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SUMMARY OF RESULTS OF SEASON'S WORK. 

1. Fields exposed to breeze, and where all old stalks of 
preceding year in the neighborhood were plowed under 
last fall, have been much less affected than fieilds not 
so located,, and. not so .fortunate as. regards^ clean culti- 
vation. : Plants in sandy soil appear to suffer mor^, other 
things beijig^ 'equal, than those planted in heavy soil. 

2. Measures tendipg to prevent the maggot attacking the 
stem would kpp^ more practical than a ^'cur^'*' (carbolic 
emulsdbn^ eikv)' s^ter the pest is in or on the stem below 
the swfac^ Gf't&e ground/ 

3. We n$ed anQthe^ y^'s ezperimei^tion, in order to use 
on tl^e /early crop of cauliflower methods which this 
year's work leads us to believe will be eiBcaoious. 

4. Cultu?:al methods may possibly prove our best means to 
control the inaggot. 

5. Natur&l Enemies help up in this fight. Several ground 
beetles, p. 148, a red mite which sucks the eggs, p. 148, 
and various parasitic insects, p. 148. See colored plate. 

6. Young maggots lived in the laboratory for two hours 
and twenty minutes immersed in carbolic emulsion (1 
part to 3D of water), and adult maggots required three 
hours and forty minutes of such immersion before dying, 
p. 146. Some eggs hatched after thirty seconds' treats 
ment with carbolic emulsion of the same strength. 

7. Good results were obtained by immersing the roots at time 
of setting with hellebore and water (p. 152), and also by 
the use of bran and glue and sawdust and glue (pp. 152 
and 153). 

8. Flies under observation laid fertilized eggs in captivity. 

b. Length of If e of egg, 3 to 5 days (p. 145) . 

c. Length of life of maggot, about 21 days (p. 145). 

d. Duration of pupal stage, first brood, 13 to 15 days 
(p. 147). 
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OBSERVATIONS ON ITS LIFE HISTORY. 

Notes on the Occurrence of the Fly. First observed as 
early as May 9th, more numerous May nth, but no egg 
observed on this date. Specimens emerged in breeding jars 
in laboratory as late as September 26th. 

The Egg and Egg Laying. Eggs were found abundantly 
on May i6th, both on cabbage and cauliflower, 75 per cent 
of the cabbage examined being infested, some cabbages having 
as many as ten eggs to the plant. Of cauliflower plants 
examined on this date, over 90 per cent were infested; the 
largest number of eggs found on a single plant being twenty- 
two. This indicates emphatically their preference for cauli- 
flower. 

The action of the fly in ovipositing was repeatedly 
observed by members of this department, and the observa- 
tions coincide so closely that I give here almost verbatim the 
report of an assistant whom I had put to work on this 
problem. Naturally every fly will not act in exactly the same 
way, but his account will serve to show in general the actions 
of the female at that time. 

"When a fly lights on a plant in search of a place to deposit 
her eggs she runs quickly down the stalk to the ground. 
Here she searches alternately with her forward and rear end 
or ovipositor for some crevice or crack through 
which she can obtain access to the stalk of the 
plant under ground. She acts rather nervous- 
ly, occasionally running up on to the leaves. 
The ovipositor is, when extended, nearly as 
long as the abdomen, very flexible and pointed. 
With this she tries every place offering any 
chance of furnishing what she desires. When 
she has finally found a crevice she forces the 
ovipositor in to the limit and stands still for 
^'bk^^'mfiiot' "^' several seconds, meanwhile usually polishing 
mucheni.-iracd. (Au- her head with her fore pair of legs. Then 
withdraws her ovipositor, and after climbing on 
to the plant again, flies with a slow flight near the ground to 
a point of vantage or to another plant. I watched five flies 
at work, and they all laid eggs while I was watching them. 
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Only one of them laid more than one egg in a place, and she 
laid two. The eggs were carefully concealed, and were not 
visible from the outside without disturbing the soil." 

In this connection it may be said that several eggs were 
often found in the soil near a plant in one bunch, indicating 
that sometimes a single fly may lay a number in one place. 

The egg, see enlarged figure on colored plate; is white, 
just visible to the naked eye; under the microscope showing 
fine reticulations, and on one side an incomplete groove. 

On May i8th in the same field above referred to there was 
hardly a plant free from eggs, showing pronounced activity 
on the part of the fly at this time. Between this date and the 
23rd much rain fell, and many of the eggs previously observed^ 
had been washed away. At this date too, many eggs were- 
found on young plants not yet taken from the hot beds. 

Will Disturbing the Egg Prevent Hatching? Evidently 
not, for two eggs laid Friday the i8th at 3 P. M., placed im 




Fig. 24. — Larva emerging from egg. Observed under microscope. (Author's 

illustration.) 

a vial, and considerably shaken in transportation, hatched on 
Wednesday the 23rd, five days later. Other eggs collected 
in the field and shaken, also hatched. 

Duration of Egg Stage. The two eggs above referred to 
hatched in five days from time of laying. Of two eggs laid 
on the 23rd, one hatched on the 26th, three days and about 
five hours. It may be said then that the egg stage is from 
three to five days' duration. 

On May 31st the first brood of flies appeared to be practi- 
cally through with egg laying on cabbage and cauliflower,, 
for although they were observed in the field, a week's exami- 
nation failed to disclose any laying eggs. On June ist eggs 
were observed on young radishes, and market gardeners 
began to report maggots in radishes. 

Laboratory Observations on Egg. On July 2nd several 
cabbage maggot flies which had been confined under a bell 
jar with a potted cauliflower plant, laid eggs on the ground 
near the plant. In other words, the Hies bred in captivity.. 
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We do not understand why other workers failed to obtain 
this. The same observation was repeated with other speci- 
mens, the flies laying within four hours of the time they 
were confined, and placing their eggs in the axils of the 
leaves. The egg under both of these jars hatched on July 
6th, a few hours over three days. 

The Hatching of the Egg. The hatching of one tgg was 
observed under the microscope. The active larva in this 
instance tried unsuccessfully for several hours to free itself 
of the empty shell, and finally died. The smooth surface of 
the glass slide may have been and probably was the cause of 
this failure. Later we figured one in the act of hatching, 
and it would appear that the larva emerges from the egg 
through the groove above referred to. 

Laboratory Experiments with Eggs. May 27th 200 eggs 
collected and divided into two equal parts, one part treated 
with carbolic emulsion, i part to 30 parts water, for 3a 
seconds. Later three of the untreated eggs hatched, and five 
of those immersed in the emulsion. 

Observations on Maggot. May 31st a few maggots ob- 
served. On June 5th many more were found, varying from 
those just hatched to those nearly and quite full grown. On 
June 1 2th many had changed to pupae. At this date too, 
practically all cauliflower with many market gardeners, was 
found to be ruined by the maggot. The very earliest set 
cauliflower, of which there was not a large amount, made a 
better showing than plants set out later. Many of the mag- 
gots observed early in June (June 5 to 7) were full grown, 
and by July 7th the majority of the maggots of first brood 
appeared to have transformed to pupae. 

We cannot speak definitely to a day as to the length of 
life of the maggot. Some, which were believed to be but a 
day old when found, required twenty days to reach maturity,, 
and transform to pupae, indicating that the larval life may 
last three weeks. 

Laboratory Experiments on Maggots. Young maggots 
allowed to remain in carbolic emulsion (i part emulsion and 
30 of water) were killed in two hours and twenty minutes, 
full grown specimens required three hours and forty minutes 
before succumbing. Maggots immersed in lime water (2 lbs. 
slaked in i gal, water) for twenty minutes were killed. 
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Three out of four maggots were killed by immersion for one 
hour in solution of hellebore (i oz. in i gal. water). 

Observations on Puparia. The puparia of the last brood, 
brown cases containing the pupae, remain in the ground from 
a half inch to two inches from old stalks, 'or in the old stalks 
themselves, or in other debris left in the cabbage field over 
winter, flies emerging in the spring. 

On May 7th they were found inside the stalk, and among 
decayed and dried leaves of last year's crop. They were more 
numerous, however, in the soil near the base of old plants. 
Near one plant examined on May nth fifteen puparia were 
found. On June 17th a bunch of twenty puparia were taken 
from the soil near one cabbage plant. Eight maggots under 
observation transformed to pupae June 7th. Three of these 
emerged as flies June 20th, three on June 21st, and two on 
June 22nd, thirteen, fourteen and fifteen days respectively, 
after pupation. Another lot of maggots which changed to 
pupae June 6th, emerged as flies June 19th and 20th (13 and 
14 days). It may be said then, with reservations, that ordi- 
narily in Minnesota, the pupal stage of the first brood may be 
from thirteen to fifteen days' duration,, 

Length of Life of Fly, Manifestly observations on this 
point cannot be made under rational conditions. Flies in 
captivity have lived in our laboratory three days without 
food. 

CHRONOLOGICAL ARRANGEMENT OF THE APPEARANCE OF THE 
DIFFERENT STAGES OF THE CABBAGE MAGGOT FLY 

IN MINNESOTA IN I906. 

May 9 Flies first observed. 

16 . Egg laying well started. 
31 First Maggots observed. 
June 5 Maggots abundant. 

12 Puparia found in large numbers, and all the cauli- 
flower of many market gardeners reported de- 
stroyed. 
July 7 Nearly all maggots transformed to pupae. 
Sept. 26 Latest date at which flies emerged from puparia 
in laboratory. 
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Naturally these dates will vary from year to year, de- 
pending upon weather conditions. 

Predaceous and Parasitic Enemies of the 
Cabbage Maggot, Reference tp the colored 
plate will demonstrate the fact that the life 
of the cabbage maggot is beset with dangers 
from this source. We know of at least one 
Fig. 25.— A parasite of other Coleoptcrous enemy, a Staphylinid, 

the cabbage maggot. ^ r j , j i J^ c Ji 

(Author's iiiustra- not obscrvcd here, and hence not ligured. 

There are many other predaceous and para- 
§ite forms preying upon this larva. The Cynipid para- 
site, Pseudeucoela gillettei, Ashm., shown enlarged as Fig. 7, 
col. plate, was collected in a maggot's burrow. It has long 
been known as a parasite of this species. Fig. 12 Plectiscus 
sp., (identified by Dr. Skinner) also enlarged was bred from a 
puparium of a cabbage maggot. The Carabid beetles, Pteros- 
tichus cor acinus, Neum., Fig. 12 col. plate; P. leucoblandus. 
Say, Fig. 8, col. plate; Agomoderus pallipes, Fab., Fig. 10, col. 
plate, as well as Amara impuncticollis, Say, Fig. 9, col. plate, 
were continually observed in large numbers in all cabbage fields 
where the fly occurred. These were collectd, brought into the 
laboratory, and immediately fed with maggots. The fact 
that they at once pounced upon and consumed the maggots 
given them would seem to warrant us in placing them among 
the enemies of the maggot, though not, as far as I am aware, 
referred to as such in previous writings. The following 
teetles were also observed in such numbers in cabbage fields 
as to lead me to suppose that they may also prey upon the 
cabbage maggot, though not observed to do so, Heterothops 
fumigatus, Lee, Lathrobicem anali, Lee, belonging to the 
Staphylinidae, and the Carabid, Bembidium 4-maculatuSy 
ILinn. 

Perhaps its most persistent predaceous enemy is the red 
mite, Trombidium scabrum. Say, Fig. 6 col. plate, which we 
have observed sucking incredible numbers of eggs of Phorbia. 
On May 15th an assistant in the field reported this mite as 
very active, averaging about two to a plant, and occasionally 
four or five were observed about one plant. The activity of 
this mite at this date was evidenced by the fact that a large 
per cent of the eggs examined had been sucked. "Some times 
there would not be a single good tgg around a plant out of 
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a dozen or more that had originally been laid there." This 
is most significant. This little agent calls for our respect in 

this particular. Through its agency evidently the cabbage 
maggot's numbers are materially reduced. Unfortunately we 
have not this season found it abundant in all localities where 
cabbages and cauliflower are found. 

A little rove beetle, Alcoclwra mtida, LeConte, is known 
to devour large numbers of the maggot in various states and 
in Canada, as well as occurring in Europe, but while it may 
be present in Minnesota, we have not observed it. Another 
Staphylinid larva, Maseochara valida is possibly predaceous 
upon the cabbage maggot. It is probable that in our contest 
against the cabbage maggot we are aided by many predaceous 
and parasitic forms not yet known to us. 



FIELD EXPERIMENTS, I906. 



A large amount of work was accomplished in the field 
during the spring and summer. It is evident, however, that 
all experimental work on the part of the Entomologist, and 
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all practical work on the part of the market gardeners is 
most advantageously applied to the early crop of cauliflower 
and cabbage, which suffers most from the attacks of the Fly. 
This year almost all of the early crop of cauliflower in Minne- 
sota was destroyed by this pest. A few fields within our 
knowledge were spared, generally, be it said, where plants 
were located in a field subject to some breeze, and where all 
stalks of the preceding year's crop had been destroyed by 
plowing the previous fall. 

The field work has been classified under two heads. Series 
I representing work done between May 15th and June 7th, 
that is, on the early crop; and Series II, the work on late 
cauliflower, which, for the reasons given above, is not as 
productive of results as work earlier in the season. 

We have abandoned entirely any attempt to use the tarred 
paper disk method for reasons given in the last Annual Report. 
We have also, in some instances, tried methods which have 
been experimented with and reported upon in other places in 
previous years, to note what results could be obtained here. 
Other remedies or methods of prevention are original. 

We briefly tabulate experiments and results under Series L 

Carbolic Emulsion : The stock solution is made by dis- 
solving I lb. of hard soap in i gal. boiling water, adding i 
pint crude carbolic acid, and churning immediately with a 
force pump or syringe until thoroughly emulsified. 

On Radish : i part emulsion to 35 parts water applied on 
radishes (sown May 14, up May 19) on May 22nd, and a 
second application given May 28th. This crop was not 
troubled by the maggot, both check rows and treated rows 
making good showing. 

On Cauliflower : a. Planted May 9th. Carbolic emulsior^ 
I part, water 30 parts ; applications May 23rd and May 28th. 
On May 30th these were found infested with worms, and 
carbolic emulsion double strength (i to 15) was applied, 
<-his being repeated June 5th. These last applications savect 
:he plants. This double strength solution did not prove suc- 
cessful in every case, as is shown later. 

b. Six rows treated (i to 30) May 19th, second applica- 
tion May 23rd and June 3rd. On July 6th no marked dif- 
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ference could be noted between treated and check (untreated) 
rows. 

On Cabbage: a. Plants set May 6th. Applications (i to 
30) May 15th; second, May 19th; third, May 26th; fourth, 
June 4th. On July 7th the following results were noted; 
1st row 107 heads out of 150 plants treated; 2nd row 105 
heads out of 1 50 plants treated ; 3rd row 1 1 1 heads out of 1 50 
plants treated. But in the check rows we observed the fol- 
lowing: 1st row, 130 heads out of 150 plants; 2nd row, 
117 heads out of 150 plants; 3rd row, 130 heads out of 150 
plants. In other words the check rows made a better showing 
than the treated plants. These observations were based 
entirely upon the heading and is not to be regarded as a 
good test, for the plants were located in a breezy field where 
the maggots were not at all bad, and almost all the plants 
made a favorable growth, but did not show up very well in 
heads. The comparatively poor showing of the treated plants 
may or may not have indicated that the solution used had an 
unfavorable effect on the plants. 

b. First application on plants set May 9, May 23rd; 
second. May 28th; third, June 5th. Examined June 7th; 2 
plants out of II wilting. Checks: 6 out of 23 wilting. 

Carbolic Emulsion, double strength (i part emulsion, 15 
parts water). 

On Cauliflower: a. Earth hollowed (2 inches) about 
base of plants to hold emulsion. 

Plat No. i: Applications May 30, June 15. Poor re- 
sults. 

Plat No. 2: Three applications; first May 19 and last 
June 15. Results: A somewhat better showing for treated 
plants. 

b. Earth not hollowed : 

Plat No. I : Applications May 3rd and June Sth (but 
hollows made around plants at second application because it 
was found that maggots were present). Examined June 7. 
No maggots. Evidently either driven away or killed by the 
solution. 

Plat No. 2: Three applications, the first May 19, third 
June 15. On July 6th no appreciable difference between 
treated and untreated plants. 

Plat No. 3 : Applications June 2nd and June 5th (earth 
close to plant hollowed at time of second treatment). On 
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July 6th treated and untreated plants made about the same 
showing. The location was breezy, and where cultivation 
the previous fall had destroyed the standing stalks of the 
year before. The maggot was not bad here and hence there 
was no chance for a comparison. 

On Cabbage: a. Earth hollowed : 

Plat No. I : Applications May 30 and June 5. On June 
7 examination of these plants disclosed the fact that although 
all the maggots were not killed by this solution, the plants 
were making a good showing. 

b. Earth not hollowed. 

Plat No. I : First application May 30. Examination 
June 2 showed presence of maggots, and earth was hollowed 
and second application made. On June 22nd all these plants 
had perished, killed by the maggot. It is very evident that 
although this solution may kill or drive away the maggot, 
it works an injury if applied to very young plants. 

White Hellebore, Dry. Early Radish : Application May 
22nd, May 28th and June 5th. On June 22nd these were 
ready for market, and neither treated plants nor checks 
showed evidence of work of maggot. That this was in part 
due to location is indicated by the fact that radishes of the 
same date about a quarter of a mile away, in private gardens, 
were badly eaten. 

Late Radishes: Dusted June 23rd. (Series II). July 
1 6th we found no maggots either in the treated or untreated 
plants. 

White Hellebore and Water, (Series II). Roots dipped 
in same. The roots of 44 plants dipped June 23rd in a 
mixture of hellebore i part and hot water 2 parts. This was 
allowed to cool before plants were treated, and they were 
immersed deep enough to also coat the lower part of the 
stems. They were immediately planted and made an excel- 
lent showing. On October ist every plant was standing. 
White hellebore costs about 15c at wholesale. 

Sawdust and Glue, The literature upon this pest, docs 
not indicate that this has been tried before, and it was sug- 
gested to the writer from his conviction that we must look 
to preventive measures for best results, rather than attempt 
to destroy the maggots when in or dose to the stalk. There- 
is no question but that carbolic emulsion at the proper strength,. 
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will kill the maggot, if the latter is in direct contact with it 
for a long enough period, but that is where the <Iifficutly 
lies. When once within the stalk the pest probably is not 
always reached by the liquid, and the hardening of the ground 
about the plant causes much of the emulsion to flow, away, 
and distribute itself where it does but little if any good, unless 
one goes to the expense of hollowing the earth about the 
plant's stem. 



Sawdust was mixed with glue in the proportion of Yi lb. 
of the fomier in i quart of the latter. The glue was not at 
all thick, but must represent at least 2 lbs. of hard glue in i 
gal. of water, and the mixture had about the consistency of 
chicken feed, though rather more "sloppy." It was applied 
warm with the hands, about the base of the plant, put well 
up on the stem, the diameter of the mass where it came in 
contact with the ground being about four inches, one quart 
was sufficient for fifteen plants. The stuff quickly hardened, 
and tho it softened somewhat during sununer rains, it did 
not disintegrate after the rain. It was applied to twelve 
plants on June 5th, and was still in good condition on June 
22nd. The plants so treated made an excellent showing. A 
man can treat six to eight plants per minute. This treat- 
ment would be hardly practicable on large acreage. 
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Bran and Glue: Prepared as above, using bran in place 
of sawdust. This makes a closer pack about the plant, but 
evidently does not go as far as the sawdust. I regard it as, 
on many accounts, better than sawdust. 

Bran, Glue and Paris Green: Five ounces of Paris green 
were stirred into a peck of glue and bran. This is sufficient 
for about 30 plants. This was applied to 35 plants on June 
23rd. It will be tried again next spring on the early crop 
to note its effect upon cut worms in their relation to the young 
plant. These late plants were free from maggot attack 
(which was not bad on any of the late cabbage and cauli- 
flower) and altho four out of the twenty-five plants showed 
injury, possibly from the Paris green, the remainder made 
a good showing and formed good heads. 

Bran, Glue and Hellebore: Hellebore substituted for the 
Paris green in the above, and five plants treated June 23rd 
with good results. 

Air Slaked Lime: Radishes — Dry lime dusted on plants, 
and on ground close to plants. Applications May 22nd, May 
28th, June 5th. On June 22nd, when these were ready for 
market, they were quite free from worms. 

Milk of Lime: One half pound quick lime slaked in i gal. 
water. 

On Cauliflower: Applications about base of plant May 
23rd, May 28th, June 5th. Plants killed by maggots. 

On Cabbage: Same applications and same results as 
above. Several killed by cut worms. 

Dipping in Milk of Lime: Dipped the roots of 30 cabbage 
plants on May i8th before setting in solution i lb. lime to i 
gal. water, and planted. On the same date 30 plants were 
dipped in half that strength. In both cases the plants were in- 
jured. This injury was particularly noticeable when the solu- 
tion was I lb. to I gal. About 60 per cent of these plants sur- 
vived the treatment, and were not affected by the maggots. 

Disturbing the Eggs by Stirring: On the supposition that 
possibly disturbed eggs would not hatch, we had the soil close 
to the stalks of 150 plants stirred with a pointed stick on May 
iSth, 17th, 23rd and June 4th. About five plants could be 
treated in a minute. Like other experiments tried in this field, 
where the fly was not abundant, there was no good oppor- 
tunity to compare treated with untreated plants. References 
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have been made elsewhere to the fact that eggs which were 
shaken in a vial subsequently hatched. 

Scrapitig Eggs away from Plant: The tiny white eggs 
just visible to the naked eye, are for the most part laid in the 
soil close to the stalk. It therefore, would seem that if these 
eggs could be scraped away from the plant six inches or more, 
that many maggots would perish before they could reach the 
stalk. Of course, every plant must be treated. Accordingly 
we had 2S0 early cabbage plants "scraped" on May 15th, 
again on May 23rd, again on May 28th, and for the last time 
on June 4th. The earth each time was scraped away with a 
putty knife to a depth of from ^ to J^ inch, about four plants 
being treated per minute. On July 7th we found that 127 
treated plants out of 150 had headed. These plants were in 
the field above referred to as fairly exempt from attack, and 
no fair conclusions can be reached as to results. Some other 
tool might be more advantageously used than a putty knife. 
One would imagine that a sharp lioe in the hands of a careful 
workman would be a more advantageous and more easily 
handled instrument. 



Sand and Kerosene: i pint of kerosene mixed with 2 
gals, of sand and placed about base of cauliflower plants as a 
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repellant after setting. This treatment was fatal to the 
plants. It also injured radishes, tho many survived and pro- 
duced 70 per cent of marketable roots. 

Acetate of Lead: 4 oz. in ^ font of water, and plants 
dipped. All killed by this treatment. 

Napthaline (Moth Balls): Following a suggestion from 
New York (not made by an entomologist), two moth balls 
were planted close to each of several plants. The experiment 
was not extended enough to warrant conclusions, beyond the 
fact that such treatment does not appear practicable. 

Field Experiments included under Series II began June 
23rd, and the late set cauliflower plants, radishes and cabbages 
were made use of. As intimated above, the maggots were 
not bad late in the season and the cauliflower headed poorly ; 
hence results obtained were not conclusive, and need not be 
reported here. A few of the later experiments have been 
listed above. 

In addition to the above, additional field trials were made as 
follows : On May 28th sixteen cauliflower plants and sixteen 
cabbage plants were treated with 1-30 carbolic emulsion, about 
J/2 coffee cup full being poured around each plant. The 
ground was soaked about the base of each plant, and remained 
wet with the solution for at least fifteen minutes. Check rows 
were left for comparison. On June Sth the sixteen plants 
treated on May 28th were examined ; results, fifty-eight mag- 
gots found in the plants, one plant containing thirteen. On 
June 7th sixteen untreated or check cauliflower plants were 
examined; results, eighty-two maggots, one plant having 
thirty worms in or on its stem. This showing fayors some- 
what the use of carbolic emulsion, 75 per cent of the treated 
plants being affected as against 88 per cent of the untreated. 
A 1-20 solution of carbolic emulsion, or even a 1-30 solution 
appears to affect very young plants unfavorably, and should 
be used with caution. 

Eifect of Location: On June i6th an assistant visited a 
market garden where some of the cabbages, as well as turnips 
and radishes had been planted in a sheltered position (near a 
wood), and others where they got the breeze. He reported 
as follows : "Conditions are such here as to show very plainly 
the effect of planting in exposed places. Mr. B.'s turnips and 
cabbages are pretty well protected from the south and west, 
the turnips very much so. As we get away from the shelter- 
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ing woods the affected plants are more and more scarce, till 
just over his line in a patch of cauliflower, which is pretty well 
upon the rise of ground, I was unable to find any sign of the 
■pest. * * • There was not an egg, maggot or pupa to 
te seen. The number of maggots increased in direct propor- 
tion as the protecting woods were approached. The notice- 
able fact about the positions of the patches is that the flies took 
the cabbages which were the more sheltered in preference to 
^oing farther into the wind and getting the cauHHower." 

Trap Crops: Mr, B, planted radishes and turnips amongst 
his cabbage as trap crops. At the time of the above visit, 
June i6th, the radishes (which were next the turnips) were 
practically ruined, hardly a sound root remaining, and the tur- 
-nips nearly as bad, while the adjacent cabbages were fairly 
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CLUB ROOT OF CABBAGE. 

Many market gardeners confound the work of the maggot 
with diseases which affect the root and have no connection 
whatever with the maggot. This is noticeably true of a form 
of rot which sometimes affects the roots, causi ig wilting and 
death of plant. Club Root, also, which appears to be on the 
increase here, has been erroneously supposed by some to be 
connected with the work of the maggot. On June 23rd Club 
Root was found to be so bad on a certain field that the owner 
expected to lose his entire crop of cabbages. Over a large part 
of his place the plants were wilting, yellowing and dying. 
The first indication that he had, so he reported, of their being- 
affected, was their wilting during warm days, and not recover- 
ing at night. He first observed this on his place four years 
ago, but did not recognize it, and took no measures against 



it. This disease of the cabbage, see photo, caused by a slime 
mould, known as Plasmodrophora brassicae, Wor., has 
nothing to do with insects whatever, and is becoming quite 
common in Minnesota. It also attacks radishes, turnips (par- 
ticularly rutabagas) , shepherd's purse, wild mustard, and 
probably a number of cruciferous plants. The vitality of the 
spores is such that manure from cows fed upon clubbed roots. 
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is said to affect crops grown on land where it is used. Such 
spores, it is claimed, will live for two or three years in the 
soil. Manure, then, is one of the means of infection. Soil, 
it is claimed, transferred from one infected field to another, 
will carry the spores, and thus infect the second field. Rota- 
tion of cabbage crops with some other not of the same family, 
care in choice of manure, the keeping down of all wild mus- 
tard and other weeds of the same family, and avoiding the in- 
fection of new fields by the transference of soil or refuse from 
infested fields, are all suggested as preventive or remedial 
measures. The broadcasting of air slaked lime, 75 bushels 
to the acre, has given satisfaction. 



TWO ONION MAGGOTS. 

Previous to this year no maggots liave been reported as in- 
juring onions in Minnesota. We draw this conclusion from 
a study of Dr. Lugger's reports, wherein we find no mention 
of them, and the present Entomologist previous to this season 
has had no complaints regarding them, nor has he met them 
in the field. 

This summer, however, on August 6th infested onions were 
received from Barnum, Carlton County. Minn., and on the 
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nth other infested plants were obtained from a field near the 
Experiment Station. These two sets were placed in the same 



breeding jar by an assistant, and in September two different 
species of flies, both enemies of onions, issued from the pupa- 
ria. One, the common Onion Maggot, Phorbia cepantm, 
belonging to the family Aiithoinyidae, is shown in Fig. 32. 
The other, an entirely different fly, Tritoxa Hexa, belonging- 
to the Ortalidae, is shown in Fig, 33. 

The common onion maggot fly lays its eggs early in the 
spring on the stems or leaves of the onion, close to the ground. 



The larvae hatching from the eggs work in the bulb, causing 
the plant to wilt and die. the bulb decaying. Young plants 



TWO ONION MAGGOTS. 161 

are the sufferers. The flies are said to winter for the most 
part as pupae in the ground, tho some of the adults may hiber- 
nate. 

Probably the most practicable remedy at our disposal is to 
pull up and destroy young plants as soon as the first appear- 
ance of the wilting is observed. This checks the increase of 
the maggot. Sand and kerosene (i cupful of kerosene to i 
pailful of dry sand) placed about the bases of the plants, is 
said to be excellent where but a few plants are to be treated, 
but manifestly impracticable on a large acreage. Such treat- 
ment should be made early enough to prevent the tgg laying 
of the fly. In some soils broadcasting a mixture of 600 lbs. 
kainit and 200 lbs. nitrate of soda per acre, first partially 
•exposing a little of the root system with a hand plow, is suc- 
•cessfully practiced. Evidently no such radical treatment has 
as yet been called for in Minnesota. 

GENERAL INSECT CONDITIONS; IDENTIFICATION 

OF INSECTS, ETC. 

A number of the leading inquiries received thru the mail, 
regarding injurious insects, are listed here. To the 1906 list 
we have prefixed the inquiries of 1905 omitted from last year's 
report which was almost entirely taken up with an account of 
the Diptera of this state. The list gives a good idea of what 
are our leading pests (barring the Chinch Bug whose name 
-does not appear), and also shows that inquiries are received 
from practically all of our agricultural counties, as well as 
numerous others. 

As evidenced by the species listed and by correspondence 
with field workers, the Chinch Bug has not been injurious 
•during the last year, and the same may be said, with qualifi- 
cation, however, of the Hessian Fly. While there have been 
tut very few complaints of this latter pest during the past two 
years, it is evidently present in localities and on the increase. 
A special field worker reported that on July 5th both larvae 
and "flax seeds" were found fairly abundant in Olmstead 
■county. From "flax seeds" taken at that time flies issued in 
July. On July 12th he found this pest to be very abundant 
in both wheat and barley in fields near Rochester. By care- 
iul examination and subsequent figuring he estimated that in 
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this particular field there were 200 flies in some stage to every 
square yard. A week or so later stalks were falling down all 
over the field as a result of the work of the fly. 

"Bald Heads'' in the wheat in large numbers at this date 
indicated the work of a Joint Worm. This condition was 
noted in a large number of fields visited. The pest was found 
in barley and speltz as well as in wheat. 

Meromyza americana: The wheat-stem maggot has been 
taken in quantities in wheat fields. 

The Army Worm has been reported to the entomologist 
as quite abundant in various localities, and the chances are 
that it may be worse next year. Timothy was the crop most 
affected. This pest is discussed elsewhere. The Cottony 
Maple Scale, Pulvinaria innumerabilis, has been again abun- 
dant and destructive, and has been given a chapter by itself 
in this report. Not only in Minnesota has it made its pres- 
ence felt, but also to our certain knowledge, in Wisconsin and 
Illinois, where many trees are claimed to have been killed by 
its ravages. Red Clover has suffered from the attacks of 
Bruchophagus funebris, large numbers, with their parasites, 
having been reared from clover heads. 

The Soft Scale of the plum, Eulecanium cerasifex, is 
becoming alarmingly abundant in Minnesota. It will be 
found illustrated and discussed on p,.i97 of this report. In 
July willows were infested by one of the "willow worms'' or 
"willow slugs," Nematus sp., black with yellow spots. It is 
easily combated with arsenical sprays. One of the most, if 
not the most annoying and destructive pests in the vegetable 
and flower garden is the Stalk Borer. It deserves, and has 
received in this report, a special discussion on p. 201. 

The leaves of plum trees have, in localities, been destroyed 
by the work of the Plum Leaf Gall Mite, Eriophyes padi. 
Affected leaves appeair like those shown in Fig. 34. The 



Note: The attention of the writer has been called to the fact that in his report 
for 1905, at the beginning of the Letter of Transmittal he states that "The Hessian 
Fly has been present on grains and grasses," etc. A search thru his 1905 notes 
failed to disclose any authority for such a statement, and we are forced to the 
conclusion that it was a bit of carelessness which was overlooked in proof-reading. 
We have not found this pest breeding upon anything but wheat, rye, and barley, 
nor, according to recent letters from workers who are making a detailed study 
of this pest, has it as yet been reared from any but these last-named plants. 
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striped cucumber beetle, wrongly called by many "squash 
bug" has been, as usual, abundant and injurious. 




Up to May 30th of the present year injurious insects were 
not unpleasantly numerous, the cold and rainy weather of that 
month appearing to hold them in check. Cut worms, how- 
ever, were fairly numerous during May, as were also wire 
worms, and white grubs. 

During the year, from November ist, 1905, to November 
22, 1906, the entomologist has written 1,739 letters, mostly 
regarding injurious insects ; has mailed 442 postals, and issued 
2,008 circulars containing information regarding certain espe- 
cially destructive insects. 



DATE. ( COUNTY. 


INSECTS I DENT 




Tn 


HOST PLANTS, ETC. 


Dk. ISIBoslon. Mass 


Canfuaed Flour Beetle, 


Paper sack! of flour. 


190S. 1 






EBhmii kuthnielii. 
















Mar. ii.ellow M.dicine... 


Egs> of plant lice.. 










Striped Poplar Be 
Mylilaipii pomomm 


etle 


M 


Supposed 10 be orsler shell 
scale. 






gS"-.ffl;.„. 
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DATE. 



I 



COUNTY. 



Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
An . 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
May 
May 

May 
May 
May 
May 
May 

June 
June 
June 

June 
June 
June 

June 
June 
June 
June 
June 
June 
June 
June 

June 
June 

June 
June 
June 
June 
June 
June 

June 
June 



28|Rock 

29|Hennepin . 
29|BristoU S. 
291 Polk 

4 
6 



D. 



18 

21 

23 

28 

80 

30 

4 

8 

9 



Lac qui 

Steams .. 
Otter Tail 
Hennepin 

Rock 

Hennepin 
Wright ., 

Scott 

Clay 

Rock 

Nobles . . , 



Parle. 



10 Hennepin 
UlLake 



29 

30 



Polk 
Norman 



30 Norman 



9 
10 
13 
14 
14 
14 
15 
16 

15 
16 

18 
19 
19 
19 
19 
20 

22 
28 




Rice . . . 
Marshall 
Dakota . 



Dakota .. 
Freeborn 



Hennepin 
Ramsey . . 
Hennepin 
Ramsey .. 
Big Stone. 
Dodge — 
Wright ... 
Douglass . 



Steams . 
Renville 



Hennepin . 

Rock 

Nobles . . . . 
Otter Tail. 
Hennepin . 
Big Stone.. 



Ramsey 

Bristol, S. D. 



Cottonwood 
Crow Wing. 
Crow Wing. 
Hennepin . , 
St. Louis — 
Hennepin .. 
Hennepin . . 
Hennepin . . 

Carlton 

Ramsey 

Wabasha ... 
Fillmore . . . 
Hennepin .. 
Wabasha . . . 
Olmstead ... 



INSECTS IDENTIFIED, i HOST PLANTS, ETC. 



Belo stoma americana 

Cabbage maggot pupae 

Eggs of Hemileuca 

Carabid beetles, Amara, sp. 

Chionaspis salicis 

Cabbage tHaggot 

Plant lice eggs 

C. furfurus 

Chionaspis, furfurus 

Currant borer 

Samia^cecropia 

Currant borer. .'.... 

Plant lice 

Aphis eggs 

Plant lice 



Stumps of cabbages. 



, Scale on Russian poplar, 
j Cabbage and Cauliflower. 
.Willow and cottonwood. 
I Scale on elm. 
i Scurfy scale on plum. 
I Currants. No specimen. 



Cocoons S. cecropia. 
Orthopterous eggs — 

Wire worms 

Cut worms 

Cut worm 



Cabbage maggot 

Briophyes padi 

Ithycerus noveboracensis. 



Basilarchia archippus 

Ithycerus noveboracensis 

Plusia (Autographa) brassi- 

cae .......... ^ 

Nematus ribesii 

Lice 

Lachnosterna, sp 

Selandra f barda 

Selandra f barda 

Diabrotica vittaia 

Eriophyes padi 

Nematus ribesii 

Cabbage maggot 

Diabrotica vxttata 

Diabrotica vittata 

Nematus ribesii 

Pulxnnaria innumerabilis 

Pulvinaria innumerabilis 

P. innumerabilis 

Eriophyes padi 

Fleas 

Podosesia syringae 



iNo specimen. 
'Apples and currants. 

Apple. 

, Minnesota crab. No speci- 
men. 

Plum tree. 

Strawberry roots. 

Wheat. 

Flax. No specimen. 

Cabbage and tomato. No- 
specimen. 

Cabbage and cauliflower. 

Making galls on plum leaves^ 

New York weevil injuring: 
apple. 



Lettuce. 
' Currants. 
Asters. No specimen. 



Saw fly on ash. 

Saw fly on ash.' 

Cucumbers. 

Pluni leaf gall mite. 

Currant worm. 



Striped cucumber beetle. 

Striped cucumber beetle. 

Currant worm on currant. 

Cottony Maple Scale. 
I Maple. 
I Box elder and soft maple. 

Plum leaf gall mite. 



Rynchites bicolor. 
Scarabeid 



Cut worms 

Cercopids 

Retinia f comstockiana. .. 

Papaipema nitella 

Cut worms 

Eriophyes padi 

Diabrotica 7'ittata 

Diabrotica vittata 

Cabbage maggot 

Rose slug 

Bruchus obtector 

Constrachelus nenuphar. . 
Pulvinaria innumerabilis. 

Bruchus obtector 

Hessian fly 



Ash (boring in ash and cans' 
ing it to fall). 

Rosa rugosa. 

Supposed to be killing ever- 
greens (too injured to ad- 
mit of identification.) 

, No specimens. 

Jack pine. 



Stalk borer in peonies. 
I No specimens. 
j Plum leaves. 
, Cucumbers. 



No specimen. 

Beans. 

Plum Curculio. 

Maple scale. 

Bean weevil. 
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DATE. 



COUNTY. 



INSECTS IDENTIFIED. HOST PLANTS, ETC. 



July 


12 


July 


12 
12 


. uly 


12 


,«iy 


18 


, ttiy 


19 


>iy 


20 


uly 


26 


;uly 


26 


. uly 


26 


July 




July 


27 
1 


July 


1 

27 


July 


28 


Aug. 


1 


Aug. 


4 


Aug. 


4 


Aug. 


4 


Aug. 


1 


Aug. 


6 


Aug. 


9 


Aug. 


9 


Aug. 


9 


Aug. 


17 


Aug. 


19 


Aug. 


24 


Sept 




Sept. 




Sept. 


6 


Sept. 


6 


Sept. 


23 


Sept. 


27 


Sept. 


27 


Sept. 


29 


Oct. 




Oct. 




Oct. 


9 


Oct. 


21 


Oct. 


28 


Oct. 




Nov. 


4 


Nov. 


16 


isoa 1 


Apr. 


28 


Apr. 


90 


May 




May 


2 


May 


11 


May 


12 


May 


14 


May 


16 


May 


16 


May 


16 


May 


22 


May 


22 


May 


28 


May 


29 


May 


29 


May 


81 


May 


SI 



Freeborn 
Freeborn 
Hennepin . 
Blue Earth, 
Traverse . . 
Hennepin . 
Hennepin . 
Dakota .... 

Lyon 

Freeborn .. 



Ramsey 



Hennepin •••; 

Lyon 

Mower 

Steams 

Kandiyohi 

Kandiyohi 

4|Wi 



•«•.•••••••• 



Wabasha 

Todd 

Hennepin 

Hennepin 

Isanti 

Norman 

Wright 

Hennepin 

Ramsey 

Wright 

West Superior Wis. 

Ramsey 

Big Stone 

Grand Forks, N. D. 



Otter Tail. 

Wisconsin 

Rice 

Nobles .... 
Watonwan 

Cass 

Wabasha .. 
Nicollet ... 
Ramsey ... 
I 



Polk ... 
Ramsey 



Hennepin 

Chippewa 

Pine 

Redwood 

Pope 

Hennepin 

Hennepin 

Ramsey 

Martin 

Yellow Medicine. 

Roseau 

Cass 

Ramsey 

Hennepin 

Hennepin 



Lice 

Papaipema nitella 

Papaipema nitella 

Papaipema nitella 

Papaipema nitella 

Lachnosterna (?) sp 

Lice 

Fleas 

Papaipema nitella 

Coelodasys unicornis 

Plusia (Autographa) brassi- 

cae 

Cabbage worm, cabbage 

Plusia 

Lice 

Currant borer 

Chrysomela, sp^ 

Vanessa cardui 

Aphis mali 

Cecropia larva 

Diacresia virginica 

Bruchus obtector 

Plant lice 

Diaspis rosae 

Fleas 

Colopha ulmicola 

E, padi 

Hemerocampa leuco stigma. . . 

Book lice 

Hook lice 

Plant lice 

Ptinus fur 

Cabbage maggot 

H. armiger 

Oestrid larva (Gastrophilus 

n 

Dragon fly (Aeschna) 

Tribolium confusum 

Necrophorus tomentosus 

H. armiger 

Tenebroides mauritanicus. . . . 

Ceterio lineata, Fab 

Heliothis armiger 

Heliothis armiger 

Lepisma^ sp 



Plum. No specimen. 

Young corn. 

Grain. 

Young corn. 

Golden Glow. 

Lawn. 

Peas. No specimens. 

In cellar. 

Young corn. 

Unicorn Prominent. 

Lettuce. 



Sweet peas. No specimen. 

No specimen. 

Wheat. 

Thistle. 

Apple. 



Red ant 

Cut worms, 



Peridromia 



saucxa 

Coccus pinicorticiSf Fitch 

Tree hopper 

Wood tick 

Cut worms 

Cut worms 

Monomorium pharaonis 

Lice 

Ants 

Nematus ribesii 

Buffalo tree hopper 

Cut worms 

Cut worms 

Eulecanium cerasifex 

Eulecanium cerasifex 

Trombidium scabrum. Say... 



Supposed by correspondence 

to be Flour Moth. 
B an weevil. 
Turnips. No specimens. 
Rose. 



Cockscomb gall on elm. 
Galls on plum leaves. 



Celery. No specimen. 
Flour. 



Corn. 

Thigh of man. 

Dead when received. 

Supposed to be killing hens 

which fed upon them. 
Flour in sacks. 



No specimen, 
^arva in flour. 
• riawk Moth." 
Corn worm. 
Com worm. 

"Fish Moth," silk lining in 
dresses. iSo specimen. 



Lawn. 

Smilax, cannas, 

greenhouse. 
Pine. 
No specimens. 



etc., 



in 



Com. No specimens. 
No specimens. 
Ants in house. 
Snowball. No specimens. 
Lawn. No specimens. 
Currants and gooseberries. 
Apple trees. No specimen. 
No specimens. 
No specimens. 
Plum. 
Elm. 

Feeding on cabbage maggot 
eggs. 
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DATE. I 
1904 



COUNTY. 



INSECTS IDENTIFIED. 



HOST PLANTS, ETC. 



July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

Sept. 

Sept. 



Sept. 
Sept. 

Oct. 
Oct. 



Hennepin . 
Ramsey ... 
Douglass . 
Ramsey ... 
Fertile, la. 
Ramsey ... 
Sioux City, 



la. 



Todd 

Ramsey .. 

Rice 

Renville .. 
20|Wright .. 
21 1 Steams .. 
24| Redwood . 

Kandiyohi 

Dodge ... 

Douglas •• 



July 2 Ramsey Papaipema nitella 



Trapezonotus nebulosus. . . 

Nematus ribesii 

Samia cecropia, pupa 

Silver fish 

Ithycerus noveboracensis. 

Currant worms 

Lice 

Wire worms 

Lice 

Ants 

Papaipema nitella 

Cecropia moth 

Cecropia moth 

Currant worms 

P. nitella 

Pulvinaria innumerabilis . . 

Colopha nlmicola , 

Cottony Maple scale 



, Timothy. 



No specimens. 

Apple. 

No specimens. 

Cherry. No specimens. 

Barley. No specimen. 

Box elder. No specimen. 

Lawn. No sjpecimens. 

Plum. 



2 Kamsey | Mamestra picta 

9 Douglas Cottony Maple scale . 



Douglas 

Douglas 

Douglas 

Kandiyohi ... 
Blue Earth... 

Becker 

Rice 

Steams 

Todd 

Denver, Col.. 

Douglas 

Hicks Wharf, 



Va. 



Wabasha 
Dakota , 



Blue Earth 

Lawrenceburg, Ind. 



28|Milwaukee, Wis... 
90| Hennepin 



Lac qui Parle. 
New York State. 

Wabasha 

Hennepin 



Cut worms 

Potato beetle 

Hessian fly 

Plant lice 

Aphis cucutneris 

Grain plant lice 

Grain plant lice 

White grub 

Hemerocampa leucostigma. 

Locust borer 

Ptinus fur 

Conocephalus robustus 



Currants and com. 

Box elder. 

Elm. 

Basswood and other forest 

trees. 
Hollyhocks, rose, canna, 

peony, corn, dahlia, wheat. 
Hollyhocks. 
Basswood and elms. (Some 

trees will die.) 
In gardens. No specimens. 



On rye. 

j Wheat. No specimens. 
: Melons. 
I No specimens. 
I No specimens. 
< Lrrass land. 



Plodia interpun ctella 

Silver fish, Lepisma saccha- 

rina 

Tenebroides mauritanicus. . . . 
C. oryza, Tribolium con- 

fusum, Silvanus surinant' 

ensis, C. granaria 

Cottony Maple scale 

Clothes moth 

Samia cecropia^ cocoons 

Tenebroides mauritanicus. . . . 
Diestrammena marmirata. . . . 
Cigarette beetle, Lasioderma 

^erricorne) 



No specimens. 

Cereal food. 

Supposed by correspondence 
to girdle pecan and persim- 
mon trees. 

Seed corn. 

Silk dresses and books. 
Mill products. 



Wheat in elevator. 

Furs. No specimens. 
Very abundant. 
Wheat in storage. 



In "Lucky Strike smoking 
tobacco, from Richmond, 
Va 
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The Minnesota nurseries which ship out of the state, and 
others desiring it have been inspected according to law. The 
names of these nurseries, with the number of the certificate of 
each, and the expenses of inspection are here given : 
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No. Of 

1906. Name and Town. Cert. Cash. 

June 25. Twin City Nursery, Hopliins Ill $2.60 

June 27. Clinton Palls Nursery, Owatonna 112 

June 27. Mitchell Nursery, Owatonna 11^ 

June 28. Wedge Nursery, Albert Lea 114 

June 28. Albert Lea Nursery Co., Albert Lea 115 

June 28. Minnesota State Nursery, Albert Lea 116 

43.31 

June 28. Gopher State Nursery, Albert Lea 117 

June 29. Winnebago Nursery Co., Winnebago City.. 118 

June 29. St. John Nursery Co., Fairmont 119 

June 29. Amber Lake Nursery, Fairmont 120 

June 30. McKisson's Fairmont Nursery, Fairmont.. 121 

June 30. Kanaranzi Nursery, Adrian 122 

July 1. Luverne Nursery, Luverne 123 

July 5. Hutchinson Nursery, Hutchinson 124 6.00 

July 7. Deephaven Nursery, Excelsior 125 1.50 

July 7. Chas. Hawkinson Nursery, Excelsior 126 1.50 

July 9. Jewell Nursery, Lake City 127 5.48 

July 10. County Line Fruit Farm, Lake City 128 5.48 

July 10. Pleasant Valley Nursery, Winona 129 5.48 

July 11. Vinegar Hill Nursery, R. No. 4 Rushford. . 130 5.48 

July 11. Preston NuTsery, Preston 131 5.48 

July 12. Spring Valley Nursery, Spring Valley 132 5.48 

July 12. Turtle Creek Nursery, Austin 133 6.00 

July 16. Hoyt Plant & Seed Co., St. Paul 134 1.25 

July 16. Rose Hill Nursery, Minneapolis 135 1.25 

July 16. Vine Grove Nursery, Minneapolis 136 2.60 

July 17. L. L. May & Co. St. Paul 137 

July 17. Mayfleld Nursery, St. Paul 138 

5.70 

July 17. Old Fashioned Flower Garden, Excelsior. . 139 1.50 

July 17. Excelsior Nursery, Excelsior 140 1.50 

July 12. Wright County Nursery, Cokato 141 3.00 

July 12. Howard Lake & Victor Nurseries, H. Lake. 142 3.00 

July 12. North Star Fruit Farms, Cokato 143 3.00 

July 13. Lyon County Evergreen Nursery, Cotton- 
wood 144 6.00 

July 19. West Concord Nursery, West Concord 145 2.00 

July 20. Byron Nursery, Byron 146 2.00 

July 20. Dodge County Nursery, Mantorville 147 2.00 

July 18. Hennepin Co. Nursery, Eden Prairie 148 3.00 

July 19. Andrews Nursery, Faribault 149 2.50 

July 19. Campion Nursery Co., Faribault 150 2.50 

July 19. Farmers' Seed Co., Faribault 151 2.50 

July 19. Brand Nursery, Faribault 152 2.50 

July 20. Cannon Falls Nursery, Cannon Falls 153 6.17 

July 21. Strand Nursery, Taylors Falls 154 5.00 

Aug. 13. F. A. Ward, Pipestone 155 7.00 

Sept. 15. Jackson Nursery & Fruit Farm, Jackson. . 156 9.00 

Sept. 15. Sherburne Nursery, Sherburne 157 8.00 

Total $176.75 



L__ 
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We also add a brief synopsis of the latest inspection laws 
of the various states, there having been some changes since we 
last published them. The attention of our nurserymen is 
called to the fact that any shipment of nursery stock into 
South Dakota now requires a certificate. This synopsis is 
compiled largely from the latest circular on the subject. 

Alabama : Persons outside the state wishing to do busi- 
ness in Alabama must file a signed copy of their inspection cer- 
tificate with the Secretary of the Board. Accompanying the 
certificate must be sufficient money to pay for the necessary 
Alabama tags. A tag must be attached to every package 
delivered in the state. Tags are furnished at cost as follows : 
First one hundred, 65c; 200, $1.00; 500, $1.60; in lots of 
1000, $2.20, sent by express collect. (Acts of 1903.) R. S. 
Mackintosh, Secretary and State Horticulturist, Auburn, Ala. 

Arizona: No law. 

Arkansas: Shipments of nursery stock into the state 
must be accompanied by a certificate of inspection and bear the 
name and address of consignee and consignor, otherwise the 
transportation company must notify the consignor and not 
deliver the shipments until a certificate is furnished. (Laws 
of 1903.) Mr. C. F. Adams, Entomologist and State Inspec- 
tor, Fayetteville, Ark. 

California: Shipments into the state are subject to 
inspection on arrival and must be marked with the name and 
address of the shipper, name of consignee and name of place 
where grown. All nursery stock infested with pests not exist- 
ing in the orchards, vineyards and farms of California will be 
immediately sent out of the state or destroyed, at the option of 
the owner or agent at his expense. All nursery stock coming 
from districts where the disease known as Peach Yellows and 
Rosette are known to exist shall be refused entry and shall be 
destroyed or returned at the option of the owner. Notice of 
shipment should be given to Mr. Edw. M. Ehrhorn, Ferry 
Bldg., San Francisco, Cal. 

Colorado: Shipments into any county of the state hav- 
ing a horticultural inspector shall have attached to each box, 
package or parcel a label, showing the name of the owner, 
agent and shipper, the name of the grower, and any further 
evidence necessary to determine the locality where grown. 
Nursery stock arriving in the state is subject to inspection 
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under the direction of the State Board of Horticulture. (Laws 
1899,) Martha A. Shute, Secretary, Denver, Colo. 
* Connecticut: Certification arid treatment of nursery 
stock is discretionary with the State Entomologist. Ship- 
ments of nursery stock into the state shall bear a statement 
that it has been thoroughly fumigated in additioi) to the cer- 
tificate of inspection issued by a State or Government officer. 
(Laws of 1903.) Dr. W. E. Britton, State Entomologist, 
New Haven, Conn. 

Delaware : Shipments into the state must bear a certifi- 
cate of inspection from a duly qualified state officer of the state 
in which the shipment originated, given not earlier than Sep- 
tember 1st. Fumigation may be required by State Board of 
Agriculture. Prof. Wesley Webb, Inspector, Dover, Del. 

Florida : No law. Certificates to nurserymen are issued 
by Dr. E. H. Sollards, Entomologist, Agricultural Experi- 
ment Station, Lake City, Fla. 

Georgia: Nurseries are inspected annually. A signed 
duplicate of inspection certificate, together with a signed state- 
ment by the nurserymen that all stock intended for Georgia 
will be fumigated in accordance with directions furnished 
them, must be filed in the office of the State Entomologist. 
Official tags of the Georgia State Board of Entomology will 
be furnished by the State Entomologist at the following price : 
One hundred tags, 60c postpaid; 200 tags, 85c postpaid; 300 
tags, $1.10 postpaid; 500 tags, $1.35, sent by express collect; 
1,000 tags, $2.00, sent by express collect. Each shipment of 
nursery stock into the state of Georgia must bear the official 
tag of the Georgia State Board of Entomology, and also a 
duplicate certificate of inspection of the state from which the 
shipment is made. (Regulations adopted January 26, 1906.) 
Mr. R. L Smith, State Entomologist, Atlanta, Ga. 

Idaho : No person can engage in the business of selling 
or importing nursery stock without filing a bond and acquiring 
authority from the State Board of Horticulture. Shipments 
into the state must bear an authorized certificate of fumiga- 
tion, together with labels on each package showing names of 
consignee, consignor and name of place where stock was 
grown. (Horticultural Law, Seventh Session.) Mr. A. F. 
Hitt, State Horticultural Inspector, Boise, Idaho. 

Illinois : Nurseries are subject to inspection by the State 
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Entomologist. Shipments into the state must be accompanied 
by certificates of inspection, the original of which was signed 
by a state or government inspector. Prof. S. A. Forbes, State 
Entomologist, Urbana, 111. 

Indiana : State nurseries shall be inspected at least once 
each year. Every package shipped into the state must be 
labeled with the name of consignor and consignee, and a cer- 
tificate of a State or Government inspector of current year's 
date. (Chapter 138, Laws of 1899.) Prof. J. Troop, State 
Entomologist, Lafayette, Ind. 

Iowa: State nurseries are inspected as owners request, 
or if supposed to be infested with dangerous injurious insects 
or plant disease, and nurserymen are prohibited from selling 
or shipping without the inspection. Shipments into the state 
must be accompanied by a certificate of apparent freedom from 
dangerous injurious insects or plant diseases, signed by an 
inspector duly approved by the State Entomologist of Iowa. 
H. E. Summers, State Entomologist, Ames, Iowa. 

Kansas : No law. 

Kentucky: Nurseries are inspected annually. Every 
package of nursery stock shipped into the state must have a 
copy of a certificate of inspection attached and bear on the 
label a list of the contents. Duplicate certificates of inspection 
may be filed with the State Entomologist. Prof. H. Garnian, 
State Entomologist, Lexington, Ky. 

LousiANA : Nursery stock delivered within the state must 
be labeled with an official certificate of inspection. Shipments 
not so labeled shall be liable to confiscation. The entomolo- 
gist has power to require any one in the state to fumigate trees 
and plants if deemed necessary. (Laws of 1904 and Circ. 
No. I.) Mr. Wilmon Newell, Entomologist of the Crop Pest 
Commission, Baton Rouge, La. 

Maine: Nurseries are inspected at least once a year by 
an entomologist employed by the Commissioner of Agricul- 
ture. All nursery stock shipped into the state shall bear on 
each box or package a certificate of inspection, otherwise stock 
will be returned at the expense of the consignor; provided, 
however, that any shipment bearing a certificate of fumiga- 
tion in the form of an affidavit made before a Justice of the 
Peace that all stock sold by the consignor has been fumigated 
in a manner approved by the inspector of the state from which 
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said stock is shipped, may be accepted as those bearing the 
proper certificate of inspection. (Laws 1905.) Hon. A. W. 
Gillman, Commissioner of Agriculture, Augusta, Maine. 

Maryland: Nurseries inspected at least once in six 
months. All nursery stock subject to attack of insect pests 
must be fumigated under the direction of state officials. Ship- 
ments into the state must be labeled with the name of con- 
signor and consignee and each package bear a certificate of 
inspection. Duplicate certificates should be filed with the 
State Entomologist. (Chap. 289, Laws of 1898.) Prof. T. 
B. Symons, State Entomologist; Prof. J. B. S. Norton, State 
Pathologist, College Park, Md. 

Massachusetts: Nurseries are* inspected at least once 
each year, and if clean, receive a certificate; instead thereof, a 
nurseryman may fumigate his stock under the direction of the 
State Inspector, using 2-10 of a gram of potassium cyanide to 
each cubic foot of space, under forty minutes exposure, and 
attach an affidavit of such fumigation to each package shipped. 
Certificates do not cover the Brown- tail Moth, tho all reason- 
able care is used to have stock free from it. Shipments into 
the state must bear on each package a certificate of inspection 
by an authorized officer or an affidavit relative to fumigation 
as above required. (Chap. 495, Laws of 1902.) Dr. H. T. 
Fernald, State Nursery Inspector, Amherst, Mass. 

Michigan : Nurseries are subject to inspection ; infested 
trees must be destroyed, and the remainder of the stock within 
a half mile must be fumigated. Shipments into the state must 
bear on every package, plainly labeled, the name of consignor 
and consignee, statement of contents, and a certificate showing 
that the contents have been inspected by a Government or State 
officer, and that the stock has been properly fumigated. All 
nurserymen, whether residents of Michigan or other states, 
who wish to grow or sell stock within the state must apply to 
the State Inspector of Nurseries on or before August ist of 
each year for a license, for which the fee is $5, and a bond for 
$1,000 must be filed. A license will not be granted until a 
State or Government inspection certificate has been filed. 
(Laws of 1903.) Prof. L. R. Taft, State Inspector of Nur- 
series and Orchards, Agricultural College, Mich. 

Minnesota: There is an annual inspection of all nur- 
series from which stock is shipped out of the state. Ship- 
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ments into the state must be accompanied by a certificate of 
inspection. Carrying companies accepting packages of nur- 
sery stock without a certificate of inspection are liable. (Laws 
1903.) Prof. F. L. Washburn, State Entomologist, St. An- 
thony Park, Minn. 

Mississippi : No law. Nursery stock for export is 
inspected by Prof. Glenn W. Herrick, Agricultural College, 
Miss. 

Missouri : Shipemnts into the state must be accompanied 
by certificate of inspection. (Laws of 1901.) Prof. J. M. 
Stedman, Entomologist, Agricultural Experiment Station, 
Columbia, Mo. 

Montana : All stock brought into the state must be un- 
packed, inspected and fumigated at one of the designated quar- 
antine stations, viz. : Miles City, Billings, Missoula, Kalis- 
pell, Great Falls, or Glasgow. Nursery stock may be inspected 
and fumigated at other points of delivery on payment of all 
cost. To sell or deliver nursery stock it is necessary to first 
obtain a license by paying a fee of $25 and by filing with the 
Secretary of the State Board of Horticulture a bond in the 
sum of $1,000 annually. Notice of shipment, including an 
invoice of stock, should be sent to the Secretary of the Board. 
Mr. Fred Whiteside, Secretary and Inspector at Large, Butte, 
Mont. 

Nebraska: No law. State nurseries are inspected by 
Prof. Lawrence Brunner, Acting State Entomologist, Lin- 
coln, Neb. 

Nevada : Nurseries and shipments of nursery stock are 
subject to the inspection of a county horticultural commis- 
sioner. (Chap. 66, Laws of 1903.) 

New Hampshire: Nurseries are inspected at least once 
each year. Shipments into the state must be accompanied by 
a certificate of inspection, or, in lieu thereof, a certificate of 
fumigation, with an affidavit that all stock has been fumigated 
in manner prescribed. Each car, box and package shall be 
properly labeled. (Law March 4, 1903.) Prof. E. D. San- 
derson, State Nursery Inspector, Durham, N. H. 

New Jersey : The law requires the inspection of all nur- 
series at least once in each year. Shipments into the state 
must be accompanied by a certificate of inspection, or copy 
thereof, attached to each car or parcel, together with a state- 
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ment from the shipper that the stock therein is a part of the 
stock inspected and whether such stock has been fumigated 
with hydrocyanic acid gas or not. If stock comes into the 
state without a certificate it may be detained for examination, 
wherever found, by the State Entomologist, and if found to be 
infested with any insects injurious or liable to become so, will 
be destroyed. (Chap. 249, Laws of 1903.) Dr. John B. 
Smith, Entomologist, New Brunswick, N. J. 

New Mexico : No law. 

North Carolina: The regulations in this state have 
been revised and the tag system abolished. Nurseries are 
inspected annually. Shipments must have duplicate certifi- 
cates of inspection attached, and must be fumigated shortly 
before made. Shipments into the state must have a copy of a 
certificate of inspection ; it is desired that the stock shall have 
been first fumigated, and a certificate of the consignor to that 
effect attached. Duplicate certificates must be filed with Mr. 
Franklin Sherman, Jr., State Entomologist, Raleigh, N. C. 

North Dakota : No law. 

Ohio : Nurseries are inspected each year or oftener if 
necessary. Every package of nursery stock shipped into the 
state must be labeled with the name of the consignor and con- 
signee, and a certificate showing that the contents have been 
inspected or fumigated by a State or Government officer. 
Agents must file a sworn statement with the Chief Inspector 
that the stock sold by them is covered by an official certificate 
before delivering the same. Blanks for statement will be fur- 
nished. Provision is made for issuing official certificates of 
fumigation to the nurserymen of the state. (Laws of 1904.) 
Mr. A. F. Burgess, Chief Inspector, Ohio Dept. of Agricul- 
ture, Columbus, Ohio. 

Oklahoma : Foreign nurseries must request their state 
inspector t(5 make report of inspection of their stock to the 
Secretary, on blanks with which they have been provided, and 
obtain a permit before doing business in the Territory. 
Agents are required to carry a duplicate of permit of their 
principals and a letter of agency from said principals, stating 
that they are duly authorized to act as such. Shipments must 
be accompanied with an official certificate of inspection (tag) 
certified to over fac-simile signature of the Secretary of the 
Okl^hom^ Board of Agriculture, Guthrie, Okla. 
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Oregon : Stock on arrival is subject to inspection at 
specified quarantine stations. Mr. Geo. H. Lamberson, Sec- 
retary State Board of Horticulture, Portland, Oregon. 

Pennsylvania : Nurseries are inspected twice each year. 
Transportation companies are required to reject all nursery 
stock not accompanied by a certificate of inspection, and also 
to reject all such stock entering the state without a certificate 
of fumigation. Nursery stock shipped into the state from 
another state, shall be plainly labeled on every package with 
the name of the consignor, the name of the consignee, and the 
certificate showing that the contents have been inspected by a 
State or Government officer and that the nursery stock, except- 
ing conifers and herbaceous plants, are properly fumigated 
and free from dangerously destructive insects and diseases. 
(Chapter 60, Laws of 1905.) Prof. H. A. Surface, Econo- 
mic Zoologist, Harrisburg, Pa. ; Mr. Enos B. Engle, Inspector, 
Harrisburg, Pa. 

Rhode Island : The State Board of Agriculture appoints 
a State Nursery Inspector, whose duties shall be to inspect 
nurseries and grant an annual certificate. Owners of nur- 
series who shall fumigate all stock sold by them may make 
affidavit of the fact and attach a copy to each package shipped 
in lieu of a certificate of inspection. All nursery stock shipped 
into the state shall bear on each package a certificate that the 
contents have been inspected by an authorized inspecting offi- 
cer. In case nursery stock is brought within the state without 
such a certificate, the consignee shall return it to the consignor, 
provided, however, that any package or box bearing a certifi- 
cate of fumigation, which meets the requirements, may be 
accepted as tho bearing a certificate of inspection. (Chap. 
1 1 59, Laws of 1904.) Mr. A. E. Stene, State Nursery In- 
spector, Kingston, R. I. 

South Carolina : Nurseries must be inspected annually 
and it is unlawful to sell or ship without a certificate. All 
persons outside the state must register a copy of their certifi- 
cate of inspection, furnished by the authorized official of the 
state in which he resides, with the chairman of the Board of 
Entomology, which copy shall state that in addition to inspec- 
tion the nursery stock has been fumigated under the direction 
of the official issuing the certificate. Upon the filing of the 
proper certificate as prescribed any person outside the state 
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dealing in nursery stock will receive official tags, one of which 
must be placed, together with a copy of his certificate of inspec- 
tion, on each consignment of stock entering the state. (Cir- 
cular I, August, 1903.) Mr. Chas. E. Chambliss, State Ento- 
mologist, Clemson College, S. C. 

South Dakota: Nurseries in this state are inspected 
between the ist of June and the 15th of September each year. 
It shall be unlawful for any person to ship nursery stock into 
this state, unless such stock is accompanied by a certificate of 
inspection. (Laws of 1905.) Prof. W. A. Wheeler, State 
Entomologist, Brookings, S. D. 

Tennessee : Nurseries are inspected annually or oftener, 
if necessary, and all shipments must be accompanied by a copy 
of a certificate of inspection. Any person outside the state, 
before shipping into the state shall register his name, or the 
firm or corporation name, and file a copy of an official certifi- 
cate of inspection with the Secretary of the State Board of 
Entomology, and all packages must be marked with the name 
of the consignor and consignee and a certificate that the con- 
tents have been inspected. All stock sold in the state shall be 
fumigated immediately before shipment or delivery. Every 
individual sale or bill of trees must bear a copy of inspection 
certificate. Prof. H. A. Morgan, Secretary and State Ento- 
mologist, Knoxville, Tenn. 

Texas : All nursery stock brought into the state must be 
accompanied by a certificate from the consignor, that it has 
been fumigated. Every package shall be labeled with the 
name of the consignor, the name of the consignee, the con- 
tents, and in addition to the certificate of fumigation, by a 
certificate that the contents have been inspected by a State or 
Government officer, and that the nursery stock therein con- 
tained appears to be free from all injurious insects and dis- 
eases. Hon. W. J. Clay, Commissioner of Agriculture, Aus- 
tin, Tex. 

Utah : The State Board of Horticulture control inspec- 
tion in Utah. "It shall not be lawful for any nurseryman, 
corporation or private individual to import into this state or to 
ship in the state any trees, shrubs or vines, unless the same are 
properly certified * * * as having been fumigated or 
disinfected by hydrocyanic acid gas before shipment. Impor- 
tation of trees or shrubs unaccompanied by such certificate of 
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fumigation shall be held in. quarantine at owner's risk until so 
fumigated at the cost of the importer. * * *" (Laws 
1905.) Mr. J. Edward Taylor, Secretary State Board of 
Horticulture, Salt Lake City, Utah. 

Vermont : No law. 

Virginia: Nurseries are inspected at least once each 
year. It is unlawful for any person to sell or deliver any nur- 
sery stock, unless he shall first procure from the Auditor of 
Public Accounts, Richmond, Va., a certificate of registration, 
which certificate shall contain such rules and regulations con- 
cerning the sale of nursery stock as the Board of Crop Pest 
Commissioners may prescribe. Registration fee is $20 for 
principals, with duplicates for agents free. Duplicate certifi- 
cates of nursery inspection must be filed with the State Ento- 
mologist, and stock entering the state must be accompanied by 
an official tag, which may be obtained of the State Entomolo- 
gist at the cost of printing, after the duplicate has been filed. 
(Laws of 1903.) Mr. J. L. Phillips, State Entomologist, 
Blacksburg, Va. 

Washington : Persons to engage in the business of sell- 
ing nursery stock as an agent, or importing nursery stock, 
must first obtain a license to do business in the state, and file a 
bond in the sum of $1,000. The license fee for nurserymen 
and dealers is $5, and for their agents or salesmen, who shall 
be furnished a copy, $2.50. Notice of shipments into the 
state must be sent and shall contain the address of both con- 
signor and consignee, with a copy of invoice of goods shipped. 
(Laws of 1905.) Commissioner of Horticulture, Tacoma, 
Wash. 

West Virginia: Nursery stock must be fumigated be- 
fore delivery. Each package of stock shipped into the state 
shall be labeled with the names of consignor and consignee, 
and a certificate that the contents have been inspected and 
fumigated. Every dealer or grower of nursery stock who 
employs agents for the sale of the same shall take out a license 
in some county of the state, said license to be issued by the 
assessor, and he shall pay to the sheriff of the county wherein 
said license is issued the fee, which is fixed at ten dollars per 
annum. Every such dealer or grower shall file with the clerk 
of the county court in each county where such individual has 
traveling salesmen or agents, a list of all agents in said county. 
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(Laws of 1893 ^^d Chap. 6i of Laws of 1905.) Mr. J. B. 
Garvin, Secretary Board of Agriculture, Charleston, W. Va. ; 
Mr. J. H. Stewart, Director of Agricultural Experiment Sta- 
tion, Morgantown, W. Va. 

Wisconsin: Nurseries are inspected each year. Ship- 
ments into the state must have attached the certificate of 
inspection of a duly appointed State or Government officer. 
(Chap. 180, Laws of 1899.) Prof. E. P. Sandsten, Inspector, 
Agricultural Experiment Station, Madison, Wis. 

Wyoming: Any person or firm wishing to do business 
in this state must first obtain a license. Licenses are issued on 
application, for a period terminating on July i of the next suc- 
ceeding inspection year (approximately two years). All appli- 
cations must be accompanied by the license fee ($25.00), a 
bond in the sum of $500 conditioned that the principal will 
faithfully obey the law of the state of Wyoming, and by a cer- 
tified certificate of inspection from an authorized inspector in 
the state from which shipments are to be made. On receipt 
of these, the Secretary of the State Board issues authorized 
shipping tags (at cost). Nursery stock may not enter the 
state and transportation companies may not deliver unless such 
tag be attached to each and every box, bundle or bale. The 
presence of the shipping tag shall be taken as prima facie evi- 
dence of inspection and no further inspection is required, tho 
the Board reserves the right to re-inspect if for any cause it 
may deem it wise to do so. For circular of detailed informa- 
tion address the Secretary State Board of Horticulture, Lara- 
mie, Wyo. 

Canada: Within the Province of Ontario all nursery 
stock, except greenhouse plants, herbaceous perennials, herb- 
aceous plants, conifers, bulbs and tubers, must be fumigated 
before shipment. 

Shipments into Canada must be addressed so as to enter 
Canada at one of the named ports of entry, where the stock 
will be unpacked and fumigated by the authorities. 

The fumigation seasons for the various stations are as fol- 
lows: Vancouver, B. C, October 15th to May ist; Winni- 
peg, Man., March 15th to May 15th, and October 7th to De- 
cember 7th; Windsor, Ont., March 15th to May 15th, and 
September 26th to December 7th; Niagara Falls, Ont., March 
15th to May 15th, and September 26th to December 7th; St. 
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Johns, Que., March 15th to May 15th, and September 26th 
to December 7th; St. John, N. B., March 15th to May 15th, 
and October 7th to December 7th. (Regulations 1905.) Dr. 
James Fletcher, Dominion Entomologist, Ottawa, Canada. 

SPRAYING IN NURSERY AND ORCHARD. 

It is a pleasure to note a very general awakening amongst 
orchardists and nurserymen along this line, as evidenced by 
numerous letters and inquiries. 

We have initiated a series of experiments in different parts 
of the state with both liquid and dust sprays, but prefer to do 
more work before reporting. Briefly, we may say, that in one 
nursery where liquid Bordeaux was used, and where 200 fows 
of nursery stock were sprayed, each row 80 rods long, the 
season's work called for 38^ barrels of the solution, and three 
men and one team were employed for what was equivalent to 
five days' time. The season's spraying, labor and material 
cost about $38.00. The field workers in charge reported in 
November generally good results; that the stock made excel- 
lent growth during the latter part of the season, etc., but in 
this case it would have been impossible to personally superin- 
tend the experiment, and the work was not done as systemat- 
ically as might be desired. More detailed results are expected 
next year. 

Another or.chardist in Norman County sprayed his Plums 
and Apples thoroly in April with liquid Bordeaux (4-4-50), 
and in October reports trees and fruit free from fungus, a 
result which he attributes to the spraying. 

On our experimental g-arden at the Station we sprayed our 
nursery trees with weak Bordeaux (3-6-50) on May 28th, 
June 2nd and June 25th. The trees were kept generally free 
from fungus, but the spraying appeared to have but little effect 
upon the disease known as Shot-hole Fungus. 

Mr. Fred Mohl, a progressive orchardist and nurseryman 
and a prominent citizen of Adrian, Minnesota, is an enthu- 
siastic supporter of the dust spray, and certainly an examina- 
tion of his well kept nursery, showing a marked absence of 
insects and fungus diseases, goes far to substantiate his claims 
for this method. He declares that the cost of applying dust 
will not exceed one half the cost of liquid spraying, and that 



SPRAYING IN NURSERY AND ORCHARD. 179 

one gallon of dust spray will go as far and effectively as one 
barrel of liquid Bordeaux. 

On July 6th, at my request, he kindly submitted a report of 
the work done with dry Bordeaux in both his nursery and 
orchard. He sprayed a ten acre orchard of ten year old trees 
on May 5th, May 19th and June ist, and averaged 65 lbs. of 
dust each time. The time required for the first spraying was 
four hours, and two men and one team were required. His 
dust, consisting of a mixture of ground lime, Sal Bordeaux, 
Sulphur and Paris Green, compounded and prepared by the 
dealer, cost him 4c per lb. Basing my computations upon the 
usual wages of men thus employed, and cost of team, the labor 
and material for the three sprayings, amounted to about 
$22,50. From the fact that this was done on an orchard, 
whereas the spraying with liquid Bordeaux, cost of which is 
given above, was done in a nursery, and for other evident rea- 
sons, the two can hardly be compared as to cost. I give Mr. 
Mohl's own words in reply to certain questions sent him from 
this office on July 14th. 



aFh[nc which bids 



"In regard to the questions regarding dust spraying will 
say that best results I think can be obtained on a still morning 
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when there is some dew on the foliage, but good results can 
be obtained most any time on a still day, or even when there 
is a gentle breeze. 

"On a perfectly still day it will not inconvenience the work- 
men or horses for the reason that the machine blows the dust 
away from the operator, that is to say, they are behind the 
gun, and it is not one-fourth as disagreeable as handling liquid 
Bordeaux. If a little dust should settle on them, it can easily 
be brushed off. If it falls on the horses, it does them no harm. 
As a rule there is always a perceptible breeze and of course we 
spray to the windward. As for thoroness of the work and 
the results obtained, the easy method of applying the dust and 
for time occupied, the liquid Bordeaux is not in it with double 
strength dust formula and in my opinion the dust formula can 
be purchased as cheaply as one can properly make it and thus 
avoid the disagreeable feature of mixing it up." 

The above two experiments were planned for a comparison 
between dust and liquid spraying. Unfortunately there is no 
good basis for comparison, and, as intimated at the beginning 
of this article, we need more time and more careful detailed 
work before giving conclusive report. From personal obser- 
vation we are of the opinion that both methods, if intelligently 
and faithfully followed, give good results. 

Fig. 35 illustrates a high cart used for spraying nursery 
trees in a large nursery in Southern Minnesota. It is modeled 
somewhat on the lines of the nursery sprayer constructed by 
this department some years ago and figured in an Annual Re- 
port. In this cart, however, as can be seen from the photo- 
graph, the axle is so constructed that the wheels can be shifted 
to accommodate different widths between rows. One defect, 
which can be easily remedied, is the small size of the recepta- 
cle, which obliges the outfit to return to the base of supplies too 
frequently, thereby losing tiipe,-H -The owner of this cart writes 
that while no detailed account was made of the effect of the 
season's spraying, he did not hesitate to say that the results 
were good and that no nurseryman could afford to raise trees 
without spraying. 

Fig. 37 shows a hand apparatus, which we find very useful, 
and which can be advantageously employed in any small gar- 
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den. orchard or even nursery; its cost, complete, is about 
$15.00. 
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Tiie following suggestions for practical work during tlic 
various months of the year may be useful to many of our 
farmers and orchardists: 



Prune off and destroy eggs of tent caterpillars and canker 
worms on apple and other trees. 



I'm. 3S,— Eggs of Tent Caterpilta'" Kic SO— Eggs of Tenilesi 

If Oyster-shell Scale or scurfy scale is on your trees, spray 
with lime-suiphur wash, clean out pump and nozzles thor- 
oly after using this wash. 



AN ENTOMOLOGICAL CALEND 



Pick off and destroy the cocoons of the Cecropia ^toth, 
and all other cocoons, on plum and other fruit trees. 



0.— Cocoon of Ccr. 



Collect and destroy all "plum pockets" still clinging to 
trees or lying on ground. Litter under plum trees should be 
burned. 



. 41,— Plum Pockets, Summer condition. Photograph by H, Cuiner, Horticultural 
Department. Minnesota Experiment Station, 

Hang suet or meat of some kind in your orchard to encour- 
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age the presence of birds. The chickadees and downy wooi!- 
peckers will find codling moth larvae in their cocoons and eat 
them. The former bird also eat.^; the eggs of plant lice. 



Look at your seed beans and peas to see that the bean wee- 
vil or pea weevil is not working therein. If'they are present, 
place seed in an air-tight receptacle and fumigate with bisul- 
phide of carbon. Avoid bringing a light of any kind near th's 
liquid. 



FEBRUARY AND MARCH, 

Finish any uncompleted work of January. 

Scrape off loose bark from trunks and large branches of 
old fruit trees with a sharp hoe or scraper made for the pur- 
pose. This single scraping should precede any winter spray- 
ing. 
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If Lecanium scales (soft scales) are on the plums, spray 
during a warm day with kerosene emulsion ( i part emulsion 
to 4 parts water.) A spraying with lime-sulphur wash will 
kill all scales. A coat of whitewash on trunk and larger 
branches is excellent, though not fatal to all scale insects. 




Fig. 46. — Lecanium scales. 



Brittle currant canes are probably hollowed by the currant 
borer. Infested canes should be burned. 




Fig. 47. — Work of the Currant borer. 



Burn leaves and rubbish under gooseberry bushes to 
destroy gooseberry fruit worm and other injurious hibernat- 
ing insects. Do the same with leaves and trash in your plum 
and apple orchards. 

If the Scurfy Scale or Oyster-shell Scale are on your apple 
trees, and you did not spray in January, do not fail to do so 
now. 
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See that your spray pump, liose, nozzles and the remainder 
of your outfit is in good condition for spring work. Order 
any apparatus and all insecticides (Paris green, etc.) you may 
need for spring and summer spraying. 
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Put bird houses in your orchard in order to invitt the pres- 
ence of these helpful friends later. 




APRIL. 

Use strong Bordeaux, (4-6-50) on your orchard and 
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nursery trees, giving them two thoro sprayings with an inter- 
val of ten days or two weeks betewen sprayings. 

Land infested with grasshopper eggs, and not plowed last 
fall, should receive attention this month as early as possible. 

Look over your bushes and berries again and cut out all 
infested canes. Raspberry and blackberry vines may show 
slits of the snowy tree cricket. Such aflfected canes should be 
destroyed. 



^ 








Fig. 54. — Egg laying of Snowy Tree Cricket. 




Fig. 55. — Work of Red-necked cane borer. After Riley. 




Fig. 66. — Burrow of Raspberry cane borer. 



If not done before, prune out and burn the twigs showing 
fresh wounds made by the Buffalo tree hopper the previous 
year. 
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Bureau of Entomology. U, S, Dtp, of AgrLcuUure. Fig. 5S. After Riley. 

Burn all trash not destroyed in the fall. 

Plowing this month will turn up the pupae of army vvonns 
and other cut worms, and is still advisable as treatment for the 
Hessian fly and wire worms. 




MAY AND JUNE. 

Early in May complete any April work prevented by unfa- 
vorable weather. Between May ist and lOth, and later look 
out for cut worms. 

Spray nursery and orchard trees with Bordeaux just before 
the blossoms open in the orchard (and the same date in the 
nursery), using it at the strength of 4-6-50. Repeat imme- 
diately after all bloom has fallen, adding Paris green to the 
Bordeaux for leaf-eating caterpillars, Codling Moth, Plum 
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Curculio, etc. Bordeaux itself will kill the spores of fungous 
diseases. Repeat ten days later, and give a fourth spraying 
with poisoned Bordeaux (8 oz. of Paris green or 3 lbs. of 
Arsenate of lead in every 50 gals, of Bordeaux) twelve days 
after the last. Do this work thoroly. On plums and other 
tender foliage, 4-6-50 is the best strength of Bordeaux. 



Turn a strong stream from the hose upon the Cottony 
Maple Scale wherever you see it, or brush it off from all 
vines, etc. 

Plant lice get busy during these two months, and can be 
killed in nursery rows by bending over young growth affected 
with lice and "swashing" it back and forth in a soap solution 
(5c cake of Ivory Soap dissolved in 10 to 12 gals, of water 
and applied when wann), or soap and tobacco solution. Or 
I lb. whale oil soap in 8 gals, water. The same solutions can 
be used as a spray. 

The currant worm may be working on the currants and 
gooseberries. Hellebore will kill it. 

The latter part of June the young of Lecanium scales are 
hatching and can be killed by Ivory Soap sprays (5c cake in 
7 gals, water.) 
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Look out for stalk borer in vegetable and flower garder 



During June and July take active measures against the 
Green Cabbage Worm. Pay the children a little something to 
catch and kill all the white cabbage butterflies they see hover- 
ing about the cabbages. 

JULY AND AUGUST. 

Spray fruit trees about the middle of July and again 
toward the last of the month with Paris green and Bordeaux 
{4-6-50 for apple; 3-6-50 for plum), for Codling Moth, Plum 
Curculio. caterpillars and fungous diseases. 



The yellowish eggs of the squash bug can readily be found 

on the under side of the leaves of squashes, etc. Destroy 
them. 

Should numerous destructive leaf-eating caterpillars appear 
in force, spray foliage at once with Paris green solutions ( i 
lb. in 150 gals, and kept stirred while using), or arsenate of 
lead — 3 lbs. to every 150 gals, of water. The latter can be 
used safely on evergreens, upon which one should never use 
Paris green. 

Pigs, if allowed to run in the orchard, will eat fallen fruits 
which contain Codling Moth or Plum Curculio larvae. 
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In July your lawn may be dying in spots on account of the 
work of the White Grub. Plenty of water will sometimes 
cause the grass to out-grow their ravages. The robins will 
help you by eating them. 

Note whether your wheat, barley or rye is "crinkling 
down" owing to the presence of Hessian Fly or Chinch Bugs. 
If the "flax seed" of Hessian Fly is present in abundance, 
m:^ a mental note to turn under the stubble without fail in 
the fall. 

Do not let plant lice get the better of you, as they will'in 
roses, golden glow, buckthorn and plum and apple trees, if not 
vigorously treated. 

SEPTEMBER AND OCTOBER. 

Wormy apples should not be stored for any length of time 
in fruit cellar, barn or shed, for the Codling Moth larvae 
("apple worms") will find secure retreats in such places, and 
emerge as moths in the spring. 

If you have reason to suspect the presence of grasshopper 
eggs in large numbers in any of your fields, plow as late as 
possible in the fall. This prevents the young hopper from 
emerging in the spring. 

NOVEMBER AND DECEMBER. 

Clean up fallen Hmbs, rubbish and everything which offers 
secure retreats for injurious insects during the winter season. 

Pruning limbs of fruit trees in winter will remove with the 
cuttings many lice eggs, and frequently hibernating insects as 
well. 
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Burn all limbs pruned during fall and winter. 

Old melon, cucumber and squash vines should be burned, 
and all rubbish near ground which has been in such crop should 
be destroyed. By such treament, hibernating squash bugs, 
cucumber beetles, and the eggs of the melon louse will be 
destroyed. 

Burn old straw stacks where straw is not needed. Such 
places offer winter resting places for several varieties of injuri- 
ous insects. 

All fallen leaves under fruit trees, berry bushes, currants 
and grape vines should be destroyed in the late fall. These 
afford hibernating places for insects. 

^^* ^^^ ^^^ ^^^ ^^^ ^^1 ^^^ ^^r 

DON'T spray with arsenic. One Minnesota man did be- 
cause the stuff was cheap. Result, some dead turkeys, and 
dead lambs which fed on the alfalfa under the sprayed trees. 

Paris Green and water at the rate of one pound of the 
former to 150 gallons of the latter will not injure stock which 
might graze in an orchard immediately after it had been 
sprayed. Of course, if a large amount of the solution should 
be dumped on the grass in one place, and stock should crop 
that particular spot damage might result. 

Quick lime added to Paris Green solution at the rate of 
one pound of lime for every pound of Paris Green will prevent 
burning by neutralizing the acid in the Paris Green. More 
lime might be added with perfect safety. Clear lime water 
added to the Paris Green solution would naturally produce the 
same result. 

RECEIPT FOR BORDEAUX MIXTURE. 

For use as a liquid spray there are several formulae for 
this very important fungicide, but the principle of making is 
the same in each. 

Have a stock solution of copper sulphate made by suspend- 
ing copper sulphate (blue vitrol) in a bag just below the sur- 
face of a tub of water, at the rate of one pound to a gallon of 
water. Make also a stock solution of lime ; use a known quan- 
tity of good lime, slake slowly and add water to make a thick 
milk of lime ; allow to cool before using, and always keep the 
lime covered with water. When ready to spray dilute the 
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required amount of each of the stock solutions to 25 gallons, 
and then pour the two diluted solutions together. 
For dormant trees use : 

Cu S04, 6 pounds; 

Lime, 6 pounds ; 

Water, 50 gallons. 
For plants in foliage use : 

Cu S04, 4 pounds; 

Lime, 6 pounds ; 

Water, 50 gallons. 
For tender foliage, such as plum, etc., use: 

Cu S04, 3 pounds; 

Lime, 6 pounds; 

Water, 50 gallons. 

TESTS FOR BORDEAUX. 

One must be sure that the solution is alkaline. 

There are three simple tests which may be used to deter- 
mine this. "First, hold a clean, bright knife blade in the Bor- 
deaux Mixture for at least one minute. If it becomes copper- 
plated more lime should be used. Second, pour some of the 
Bordeaux Mixture into a shallow dish, and, holding it up to 
the light, blow gently across its surface. If properly made a 
thin pellicle will form on the surface of the liquid. If this 
does not form more lime should be added. Third, dissolve 
one ounce of ferro-cyanide of potassium in five or six ounces 
of water. Pour some of the Bordeaux Mixture into a white 
dish and add to it a few drops of the ferro-cyanide solution. 
If sufficient lime has been used no change will be noticed. If 
a brownish-red discoloration takes place more lime should be 
added." 

RECIPE FOR LIME-SULPHUR WASH. 

To 2 gallons boiling water add 2 lbs. quick lime. After 
lime has slaked add i^ pounds of powdered sulphur (first 
stirring it up with a little water to form a paste). Boil one 
half hour or more and strain thru a netting or sieve, and add 
enough water to make 5 gallons. Or, the following propor- 
tions may be used, — 20 lbs. lime, 15 lbs. sulphur, 50 gals, of 
water. 
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Another excellent lime-sulphur wash is made without ex- 
ternal heat as follows : 

''Add 30 lbs. of lime to 6 gals, of warm water. While it 
is slaking add 15 lbs. of powdered sulphur, which has previ- 
ously been made into a thin paste. Mix it thoroly with the 
slaking lime. Then add four to six pounds of caustic soda to 
prolong the boiling, adding water to the hot mass from time 
to time as needed. Keep thoroly stirred, and when all chem- 
ical action has ceased add 44 gallons of water (making 50 in 
all)." Eight to ten pounds of sal soda can be used in place 
of the caustic soda if desired. 

This wash has given excellent satisfaction, in some cases. 

Minnesota needs laws to prevent the sale here of 
adulterated and inferior paris green. 

THE COTTONY MAPLE SCALE, 
Pulvinaria innumerabilis. 

The accompanying photograph is a good illustration of the 
injury caused by this very common pest. Not only has it con- 
tinued to afflict our shade trees in Minnesota, but it has been 
destructive in many other localities of the middle West, as well 
as in some states nearer the Rocky Mountains. Milwaukee 
reports great damage to shade trees in its streets and parks, 
and correspondence with Chicago parties indicates a similar 
condition there. In fact many trees have been killed by this 
scale in both of these places. As evidence of its wide distribu- 
tion in the United States, we might say that it occurs in all but 
about eighteen of the states, ranging from Washington and 
southern California on the west to New York and Florida on 
the east, and from Wisconsin and Minnesota to Texas. In a 
recent excellent bulletin from Colorado, which contains a map 
showing its distribution, we note that Mr. Johnson has failed 
to indicate that it occurs in Minnesota. As a matter of fact, 
it is one of the worst pests we have on soft maple, and has 
been injurious here for several years. The Box Elder Maple 
is also a sufferer, and the Elm, beside a large number of other 
trees, and many vines and shrubs. The Hard Maple does not 
appear to be affected. 

Fortunately this scale, a native of this country, has many 






-^ 



THE COTTONY MAPLE SCALE, 195 

enemies, both parasitic and predaceous. It is preyed upon by 
several of the so-called "Lady-birds," beetles belonging to the 
Coccinellidae, which, both in the young and adult condition, 
consume large numbers of the pest. Fig. 67 is a photograph 
of a number of larval skins containing pupae of one of these 
beneficial beetles, found by a correspondent upon a tree 
which has been affected with Cottony Maple Scale, and sup- 
posed by him to be some other form of injurious insect. 



Fia M.— The Cottony Maple srale. (Author's illustration.) 

Treatment: We cannot rely entirely upon the natural ene- 
mies of the Maple Scale, but should resort to some of the fol- 
lowing expedients to free our trees of this destructive insect. 

Summer treatment, as a rule, is not practicable, for inasmuch 
as the young are hatching during a long period, four, five or 
six sprayings are called for, yet relief can be obtained if one ha.s 
city water, by spraying the scales with a strong stream. They 
congregate chiefly on the under side of the branches, and a 
small jet from the hose, if it strikes them with sufficient force, 
will dislodge them. The larvae hatching from the eggs under 
the scales, as the latter He on the ground, will hardly be able 
to reach the trees. When the young scales are hatching, a 
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spray consisting of one 
pound of whale-oil soap 
dissolved in four gallons 
of water, applied several 
times, will be beneficial, 
W'hen trees are dormant, 
or any time after the 
leaves have fallen, use 20 
per cent kerosene emul- 
sion (one part stock solu- 
tion to four of water). 
This strength must not be 
used when the trees are in 
foliage. A 5 per cent so- 
lution, however, can be 
used with safety, when 
trees are in leaf and if ap- 
plied when the scales are 
first hatched, is fatal to 
them. One pound of 

Fio. 67.— "Udy BLtd- larval akins (conlain whale oil SOap in One gal- 

when the trees are dor- 
mant. 
Directions for making kerosene emulsion: 
Hubbard Formula — 

Hard soap, or soft soap, one pound, 
Kerosene, 2 gals,, 
Water, 1 gal.. 
Dissolve the soap in boiling water; remove from the stove 
and add the kerosene while the water is still boiling hot; 
churn with a spray pump until it gets to be a soft butter-like 
mass. 

Judicious pruning in fall, winter or early spring, before 
the tggs hatch, or at the time when the cottony secretion first 
becomes conspicious is helpful. 
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THE SOFT SCALE OF THE PLUM. 
Eiilecanium cerasifex, Fitch. 

This scale, which seems to be rapidly increasing in Minne- 
sota, we found in large numbers in June on the Plum, Elm, 
Mountain Ash, different Spireas, and a species, which appears 
identical, also occurs on the Hard and Soft Maple. An owner 
of a plum orchard in Ramsey county reports it as very abund- 
ant this year on his trees and those of his neighbors, and in 
July a number of specimens were received from Aitkin county. 




Fig. 68. — Eulecanium on Elm. (Author's illustration.) 

Its Life History: The large brown scales noticed on the 
twigs and branches during the year are females. The young 
of the preceding year, flat, spindle-shaped, much smaller than 
their parents, having hibernated on the stems and branches 
amongst the larger scales, begin to move about early in the 
spring, and attach themselves finally, for the most part, to the 
undersides of the small branches. These little animals grow 
rapidly, and before the summer is through are as large as their 
parents. The winged males issue from delicate scales, known 
by their smaller size, and whitish color. The males may issue 
in May, possibly, and they perish after mating with the females. 
The fertilized females soon begin to lay eggs, and finally the 
hemispherical scale is nothing but a covering over thousands 
of tiny eggs, the body of the female shriveling up as tgg laying 
proceeds. Although this dead scale is in itself no menace 
to the fruit grower, its presence is' proof positive that there are 
also on the tree hundreds of young scales which will work de- 
struction if not killed. 
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Owing to the enormous number of eggs laid by this species, 
the rapidity of its growth, and the avidity with which it feeds 
upon a large variety of trees and shrubs, it is to be regarded 
as a dangerous pest. 

We kept careful watch during spring to determine the 
date of the first hatching of the young scale, in order to know 
w hen best to apply sprays fatal to it at this tender, unprotected 
stage. The hatching proved to be late, June 12th still finding 
no change, and it was not until late in June and early in 
July that the young emerging from the eggs, were 
observed crawling over the branches. They were found then 
to be arranging themselves along the veins on the under side 
of the leaves. By July 9th, practically all the eggs had 
hatched. During this month (July), two tiny parasities were 
reared from these scales, orte Coccophagus lecanii, Fitch (iden- 
tified by Howard), a well known hymenopterous enemy of this 
scale; another hymenopter, Blastothrix longipennis, Howard, 
both belonging to the family Chalcididae. We have also found 
a Coccinellid, Hyperaspis, sp., feeding voraciously upon wliat 
appears to be this scale on the Jack Pine. In fact a few years 
ago we found this CoccinelKd so abundant amongst the Lecan- 
ium scales on Jack Pine on the station grounds that we stopped 
spraying and left the beetle and the scale to fight it out by them- 
selves. The former, either entirely by its own efforts, or 
aided possibly by the presence of parasites, came out vic- 
torious, and at the present time there is little, if any, of this 
scale upon our evergreens. 

Treatment: Pruning in the winter and early spring while 
the scales are dormant, and destroying the infested cuttings 
would seem to be practicable and desirable. They can also 
be easily brushed off the limbs. Accessory to this, two or 
three sprayings about July ist (or as soon as the young- 
scales are observed to be hatching), with a solution made 
by dissolving a 5-cent cake of Ivory soap in five gallons 
of water, is recommended. We suggest this as the result 
of experiments made by this division of the Experiment 
Station, in which the above solution gave good results. A 
kerosene emulsion (i part stock to 15 of water), carefully 
made and applied as a spray in the early summer, while 
the young are still active, is also recommended. To secure 
good results kerosene emulsion must be made exactly 
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according to directions (see p. 196), and diluted with care 
Since a little oil will rise to the surface during its use in the 
field, it is advisable to pour away the last of the pailful or can- 
ful, and not let it touch the foliage. The Ivory soap solution 
is safer. It is to be noted that after the young scales have be- 
come attached to the under side of the leaves it is almost 
impossible to reach them all with a spray, hence, it is desirable 
to attack them as soon as they have hatched. In winter this 
emulsion may be applied to the adult scales as strong as i to 4. 
Spraying to be effectual must be thoro. 

THE ARMY WORM. 
Leucania nnipunctata. 

The season just passed has been characterized by a large 
number of complaints of the ravages of the Army Worm, 
which, upon examination, proves to be the above species. 
Timothy appeared to be the crop which suffered most, and 
from reports, we judge this pest may be heard from in still 
more harmful numbers next season. 

It is probably known to our readers that this is really one 
of the cut worms, but that it is found some seasons in such 
numbers, attacking our crops in vast armies, that it well 
deserves the name given to it. 

Its life history is in general that of any cut worm: One 
female lays about 500 or more eggs, placing fifteen or twenty, 
or more, together on a blade of grass. In from six to ten 
days these hatch, and at once begin to attack the vegetation 
upon which they occur. Frequently a farmer will see the effect 
of their work without being aware of their presence. Most 
of our grasses, as well as the cereals, corn included, are subject 
to their appetite. It also has been known to feed upon apple 
foliage, and its eggs have been found on this tree. They reach 
their full size in from one to two months, and at that time are 
about 1% inch long. They are generally characterized by 
four broad stripes on either side, the upper two stripes lighter 
than those below. When full grown the caterpillar works its 
way an inch or more into the ground, and within a smooth, 
oval cell in the soil, transforms into a brown pupa not quite 
an inch long. With us, it is claimed the insect passes the 
winter as a partially grown caterpillar and finishes its trans- 
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formations the following year. From about the middle of 
June (sometimes earlier), the brownish moths begin to emerge 
from the pupae, and are found flying way into September. 



In their marches, it is asserted, the caterpillars will some- 
times destroy young fields of flax, by biting off portions of the 
plants without utilizing them for food, and when feeding on 
oats, too, they work the greatest injury by causing kernels 
which are not eaten to fall to the ground. 

Treatment: The most effective method of combating thf . 
army worm is ditching; if two or more furrows be turned 
up with a plow between the advancing army and the crop 
which it threatens, the steep side of the furrow being toward 
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the latter, the worms tend to congregate therein, brought to 
a stop by the wall of dirt. These furrows should be about 
two feet, or more, apart. Better yet, if time and labor are 
available, is to dig a ditch next the crop which is in danger, 
since it is harder for them to extricate' themselves from a 
ditch, than from a furrow. Several furrows, however, will 
check them until they can be killed. Killing can be accomp- 
lished by putting dry straw on the worms in the furrow and 
hurriedly firing it, after wetting it slightly with kerosene. Or. 
kerosene may be poured directly on the worms. This in itself 
is fatal, but rather expensive. Crushing the worms when in 
the ditch or furrow by dragging a small log or piece of timber 
through it is practiced by some. Fall plowing (as late as 
possible), as in the case of many other of our insect pests, is 
excellent, as it either exposes many of the pupae where birds 
can find them, and variations in the weather can affect them, 
or buries them so deeply that the moths cannot emerge from 
the soil. 

Some spread dry straw over them when on their food 
plants and fire it, thus burning them and saving their attack- 
ing a nearby crop which would otherwise have suffered. In- 
asmuch as the vicinity of old straw stacks offers an ideal 
place for hibernation, such rubbish, which is also a haven of 
refuge for other pests as well, should not be aIlo\^■ed to stand 
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Like caterpillars and other pests which congregate in lar^ 
numbers, the army worm is subject to disease and the attacks 
of parasites, which thus indirectly aid the farmer. 

THE STALK BORER. 
Papaipema {Gortyiia) nitella. 

Among the minor pests in this state, the Stalk Borer con- 
tinues to be very near the head of the list, increasing in num- 
bers and enlarging its range of food plants yearly. While its 
presence is felt more keenly in the flower garden, tomato and 
potato plants, young corn, raspberries and blackberries suffer, 
and even cereals are not exempt, the pest having been found 
in wheat and oat stalks. Shrubs and even trees which have 
a soft, pithy center are occasionally attacked. In the flower 
garden, as previously mentioned, we have found it in dahlia, 
hollyhock, giililen glow, aster, gallardias, phlox, and various 
other mucli prized plants. 



This year in addition to the above it has occurred in 
peonies and lilies, ragweed and pigweed, and in the laboratory 
it has fed eagerly upon a variety of plants. 

This pest is particularly insidious, from the fact that one 
does not realize its presence until the drooping of some choice 



THE STALK BORER. 203 

lily, dahlia or other plant causes an examination of the stalk, 
in which the borer's hole may then be found below the wilted 
portion, and nine times out of ten the borer itself lies within 
the stalk, either above or below the opening. Occasionally the 
affected stalk can be saved if treated at the very first appear- 
ance of the drooping. We have rescued a number of dahlias 
by dropping with a medicine dropper about a quarter to one- 
half teaspoonful of bisulphide of carbon into the hole, and then 
stopping it with cotton. Occasionally the wonii can be reached, 
in stems which are straight, without seriously injuring the 
plant, by pushing a flexible wire into the burrow through the 
opening. In extreme cases we have slit the stem with a pen- 
knife from the opening up (if the worm is not above, it must 
be sought for below the opening), removed and killed the 
worm, and bound up the stem with raffia. The radical treat- 
ment is to cut off the stem considerably below the opening, and 
destroy the borer, thus preventing its subsequent increase. 

A significant fact was the finding the pest this year work- 
ing in burdock in a vacant lot adjoining the writer's flower 
garden, indicating a handy source of supply constantly threat- 
ening the plants, in spite of faithful work within the garden's 
confines, Evidently, one who would raise plants free from 
injury should see to it that all burdock (and, evidently, many 
other weeds), in neglected spots should be eliminated from the 
neighborhood. 

We believe this worm leaves one stalk in which it has fed, 
for another which offers a fresh food supply ; in other words, 
it probably does not necessarily complete its larval life in one 
plant or one stem of the plant. Normally, it pupates in the 
ground just below the surface, the pupa giving rise to a 
brownish moth, with a narrow white line in each fore wing. 
It is a member of the Noctuidae, the family which contains the 
cut-worms. From pupae obtained from hollyhocks in August, 
we have had the moth emerge in September. The caterpillar 
described in a previous report, varies considerably in color; 
it has eight stripes running along the body, and may, when 
young, have more or less of a purplish tinge. As it gets older 
it becomes duller colored, and about midway of its length the 
color is such as to make that part appear diseased. Many 
points in connection with the life history of this insect, points 
which will have a bearing on remedial treatment, remain to be 
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learned, and we look forward to next season's work with the 
insect to throw light upon these points. Our newly made 
insectary will be of service in this direction. 

Bisulphide of carbon must not be brought near a light, 
match, cigar, pipe or lamp. It should be bought in one-half 
pint cans if possible, as being cheaper than when a smaller 
quantity is purchased. 

CUT WORMS IN GREEN HOUSES. 

In April we received complaints from two different green- 
houses in Ramsey county, that young plants were being eaten 
by cut worms. These turned out to be Peridroma saucia, and 
the superintendent of one greenhouse recalled, when he had 
been told that the egg from which the caterpillar came was 
laid by a moth, that such moths were very abundant in the 
greenhouse early in the season, but he, of course, was unaware 
of the danger which its presence involved. Pupae of these 
moths must be brought inside with the soil, particularly with 
sod, and in this case the trouble, assuming that there were no 
egg-laying inside, would only occur after new soil had been 
brought in. 

We advised trapping the moths, should they appear again, 
by placing lighted lamps at night over pans of kerosene and 
water, and later, if there were many worms, to use sweetened 
bran mash poisoned with Paris green, exercising care in plac- 
ing it on the soil amongst the plants, lest in watering the Paris 
green be washed around the roots of tender plants. We also 
counselled the burying of small 3-inch flower pots in the soil 
at intervals, close to edges of the benches, letting the rim of the 
pots be even with or slightly below the surface. Worms crawl- 
ing along at night will tumble into these traps and can be 
collected and destroyed in the morning. 

SOME RECENT OBSERVATIONS ON THE USE OF 

HYDROCYANIC ACID GAS. 

This gas, fatal to all insect life, and, it must be said, to 
human life also, if carelessly used, and made by the union of 
cyanide of potash, in itself a poison, with sulphuric acid, is 
employed very successfully against various pests in household, 
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mills, warehouses, etc., and when handled with proper pre- 
cautions by one conversant with its deadly nature, is not only 

highly effective, but perfectly safe. We have used it repeat- 
edly with success, and so far, with absolutely no accident, 
but we are free to admit, that, realizing the inherent danger, 
we take each step in the process with the utmost care. These 
precautions have now, through repeated use, become auto- 
matic, as it were, and we do not hesitate to handle this gas 
as freely as we would the less dangerous and correspondingly 
less effective bi-sulphide of carbon, and this department has 
published from time to time circulars giving careful directions 
for its use to millers who would fumigate their mills, and to 
others. We will gladly mail these directions to any citizen 
of Minnesota who desires them. 

As commonly employed .25 of a grain of cyanide is used 
for every cubic foot of space to be fumigated, the amount 
being reduced to ounces, and the charges tied up in three- 
pound packages in double manila paper sacks. Each charge 
calls for a four-gallon crock, similar to the one shown in photo- 
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graph, in which we place 5 lbs. of commercial sulphuric acid 
with a specific gravity of 1.83 or over, and jYz lbs. of water. 
When everything is ready, provision made for outside ventila- 
tion, etc., the package of cyanide is dropped into the jar, and 
the operator leaves the room. As the gas formed is lighter 
than air, and ascends, the one dropping the charge must go 
down to the story below, not to the one above. 

The question, as to how much time elapses between the 
dropping of the charge and the first giving off of the fatal 
gas is a vital one, in view of the deadly nature of the gas 
and one we have endeavored to settle by various experiments. 
In doing the work personally, I have allowed fifteen seconds 
as a conservative estimate in this direction, and acted accord- 
ingly. To place this matter beyond any doubt, however, we 
have, this fall, made several trials, timing the interval between 
the dropping of the double bag of cyanide into the jar, and 
the first appearance of the fumes (see figure), with surprising 
results. A double manila sack was used in each case, that is, 
one sack inside another, and various makes of sacks. One 
yellow, marked "Pacific;'' another, H. P. B. sugar sack; 
another, "Mayflower'' No. 17, etc. In each case the liquid 
was quite warm (the heat being caused by adding water to 
the acid), but no observation was made on its exact tempera- 
ture. We found in a series of trials that this interval varies 
from 29 seconds, the lowest, to four minutes, the latter being 
the highest, the variation, evidently, being largely due to vari- 
ations in the thickness and character of the paper of which 
the sacks are made. Of course, a variation in the warmth 
of the liquid would cause a difference. 

In connection with these experiments, the question arose. 
"Is it not possible that fumes which would be fatal if breathed, 
rise from the jar before tliey are visible?" This was answered 
in the negative, by placing a live guinea pig in a wire cage 
about six inches above the top of the jar, immediately after 
the charge of cyanide had been lowered into the acid. Visible 
fumes began to rise two minutes after placing the charge, and 
a few seconds later the guinea pig succumbed, showing that 
the dangerous gas K'as not given off in a fatal amount until 
fumes zvere observed. It would seem, then, from these results, 
that on a very conservative estimate one can depend upon, at 
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least, twenty seconds when double sacks are used, and much can 
be done in that time. 

Another important question connected with the use of 
hydrocyanic acid gas is the distance it will penetrate into a 
semi-solid mass, a sack of bran, for instance, or masses of 
cereals held together by the webbing made by the flour moth 
larva. 

An apparatus used by this department to ascertain this 
was found to be faulty, too late in the year to remedy the 
defect, and the results of that particular experiment, therefore, 
cannot be relied on. However, the matter was given a prac- 
tical test by exposing a mass of webbing, over two inches thick, 
containing live worms, pupae (and probably eggs), of the 
flour moth to the fumes of the gas, as commonly used at the 
above strength, and for over ten hours, the time usually occu- 
pied in a fumigation. As far as could be observed at the time 
everything in this mass was killed, and after three months' 
observation of the same in our laboratory, no sign of the flour 
moth in any stage was apparent, indicating, possibly, that this 
gas has a greater penetration than we had supposed. At the 
same time this isolated experiment should not be relied upon 
as certifying absolutely upon this point. 

' While this gas in no way affects dry flour, meal, or any 
cereals ; in fact, any food product which contains no moisture, 
milk, butter, drinking water, or any moist food intended for 
use should not be exposed to the fumes. Neither is it desir- 
able that silverware, nickle or brass should come in contact 
with it at this strength, unless coated with vaseline. Further, 
in its use, one should always bear in mind that one good whiff 
of the fumes might prove fatal. 

SOME COMMON HOUSEHOLD INSECTS. 

There are certain very common pests of the household, 
regarding which, the entomologist has ever recurring inquiries, 
and at the risk of appearing to repeat information previously 
printed by this department, we give here detailed remedies of 
these injurious forms, without, however, describing the insects, 
which have already been so thoroughly discussed that they 
are generally familiar objects to every housekeeper. 
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CLOTHES MOTH. 

It is well to remember that camphor, iiapthaline, moth balls, 
etc., kill neither this insect nor its eggs, but act merely as repel- 
lants, nor will storing furs and woolens in a cedar chest, the 
odor of which may be repulsive to the insect, be of avail if 
there are already eggs or larvae of the moth in the same 
when so stored. 

As a rule, clothes which are used occasionally, or brushed 
or shaken, in order to dislodge any eggs thereon are not 
appreciably injured. These eggs hatch in about six or seven 
days. If their presence is suspected in any furs or other mate- 
rial, a mild beating and brushing of such articles will remove 
most, or all. When one is absolutely sure that no eggs or 
larvae (worms) are present, a very good practice is to store 
articles in pasteboard boxes which are afterwards thoroly 
sealed by pasting paper over the cracks. It is usually not 
safe to let woolens, furs or feathers remain undisturbed a 
long time in an ordinary trunk, since, as a rule, such trunks 
are not moth proof. 



Fio. 75,— Egg of clothes molh. much enlarged. (Author's illustration.) 

Cold Storage is much resorted to for the preservation of 
furs during the summer, and this is quite a feature in the 
business of many of the cold storage plants in cities. The 
pest cannot work in a temperature below 40 degrees Fahr. 
Frequent beating of furs, furniture, curtains, woolens, etc., 
during the spring and summer, say, in May, June, July and 
August, is helpful. 

The writer, in his own house, has practiced the following 
method for several years with marked success. A galvanized 
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iron chest was constructed, about two feet square at the ends, 
and three and a half feet long; The cover fits in with a 
flange, and a strip of felting is glued on the cover, round the 
edge which rests on the ed^e of the chest when the poveris in 
place; six hooks on uxp cover fasten « into eyes isOidered on 
chest, and serve. te^Hceep the former in tight Into this recep- 
tacle in the spring goes all of our clothing^ ijQt to be used 
during the summer, and which is attractive to nltftn?* At the 
same time into a saucer-like dish placed on top of the clothing 
is poured four tablespoonfuls of bisulphide of carbon, and 
the chest closed. It should not be opened for any purpose 
for three or four days. We repeat this performance about 
ten days la'ter,. since the vapor fatal to the larva does not kill 
the eggy and perhaps once or twice- more at. intervals during 
the summer. These latter fumigations are probably not neces- 
sary, but would kill any insect life should ^ moth have, by 
chance, crawled iii. This vapor, he^-vier thaii .^i'r,^ sinks 
through the clothes stored in the chest. It is expiqsive when 
mixed with the atrnosphere, and no light of any kind should 
be brought near it. Bisulphide, of Carbon should be pur- 
chased in pint or half-pint cans It in no way injures the 
clothes. ' ' . " 

CARPET BEETLE, ^'BUFFALO BUG/' '^BUFFALO MOTH.'' 

A beetle, not a bug, and not a moth. 

Midsummer house-cleaning of infested houses, or two 
house-cleanings each year is desirable, and should be most 
thoroly attended to. If carpets are used they should be 
thoroly beaten, and, if possible, sprayed out of doors with 
some such liquid as benzine or gasoline, and well aired after- 
wards. Rooms should have their bare floors thoroly 
swept, washed with hot soap-suds, and all cracks drenched 
with kerosene or benzine. If possible, it is desirable in bad 
cases to lay tarred paper on the floor before laying down the 
carpet. Should the carpet show any spots at any time during 
the year after such a treatment, affording evidence of the pest, 
we are advised by the United States Department of Agricul- 
ture to lay a damp cloth smoothly over the places affected, 
and iron with a hot iron, thus creating steam which will pass 
through the carpet and kill all insects below. This calls for 
much "elbow grease." The use of rugs on bare floors, or 
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even rugs upon matting, is preferable to the use of carpets, 
for obvious reasons. In protecting furs and feathered goods 
and woolens from the ravages of these pests one should pro- 
ceed in the same way as in the case of protection from moths, 
viz. : storing in tight chests or closets, with a supply of cam- 
phor or napthaline balls, and frequent examination during the 
summer months. Chests lined with tarred paper, which 
paper is to be replenished each season, are useful. 

Houses where doors and windows are screened in spring 
and summer have an advantage. One party claims to have 
killed this pest effectively with sulphur fumes. Three or four 
pounds of sulphur were burned in tightly closed rooms for 
four or five hours, at the time when the insects were first 
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Ftc. 78.— Roaches, 



SOME COMMON HOUSEHOLD INSECTS. 



211 



observed. A common frying pan made a good dish to burn 
the sulphur in, and this was placed in a pan of earth, which 
in turn rested upon two bricks on the floor. It must be remem- 
bered that these fumes tarnish silver, gilt picture frames, and 
all bright metals. 



*' "fish moth.'' 




Fig. 77.— "Silver Fish. 



SILVER FISH, 

This is the small, silvery insect which 
slips around so rapidly on book shelves 
amongst old books, and in bureau draw- 
ers, where clothes are kept, and elsewhere. 
It is not a moth, and certainly not a fish, 
but belongs to the lowest and simplest 
order of insects. It is nearly half an inch 
long, and is shown in Fig. yy. 

It is somewhat of a disputed point as 
to whether this insect's principal food is 
of a vegetable nature, starch, for instance, 
or whether, when it annoys us in the 
household, it is really after the glue on 
backs of books, in sizing, under the wall paper, etc. We 
have known of its ruining several silk dresses, and of its 
attacking rugs made of silk scraps. 

Fresh pyrethrum powder dusted freely on book shelves 
amongst the books is of some help. In houses badly infested 
silk dresses and starched clothing should be frequently han- 
dled, and not left untouched for long periods in bureau 
drawers. 

Starch paste poisoned with arsenic, and white glue melted 
and similarly poisoned, both being spread upon pieces of card- 
board and placed in drawers and elsewhere, wherever this 
pest occurs, is being at present tried by this department, 
starch thus used having been previously recommended; the 
white glue idea being suggested by the claim above referred 
to, that this insect seeks glue rather than starch. As we go 
to press the results of this comparative test are not available 
for publication, the experiment having been tried in a distant 
town. 
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ROACHES, COCK ROACHES, CROTON BUGS. 

A hard pest to control if it once obtains a foothold. Par- 
ticularly, is this SO, where a family lives in a flat, since infesta- 
tion from one flat to another is comparatively easy. Under 
favorable conditions, that is, in a house standing by itself 
they can be combated, though it requires perseverance, with 
some degree of success. A family known to the entomologist 
has conquered roaches, by the persistent use of powdered borax 
in the kitchen where they occurred. This was dusted in all 
cracks and crevices about the room daily (particularly, in the 
evening), for two weeks, care being taken to use it liberally 
along the entire length of mop board wherever there was a 
crack large enough to hide a roach, and its use was persisted 
in for some time after all insects had apparently disappeared. 
Firms which sell bakers* supplies generally carry in stock a 
patent powder, said to be extremely effective. 

Hydrocyanic acid gas used in a house standing apart from 
others would kill all such pests, but as the fumes are fatal to 
human beings as well, its use calls for extreme care. 

FLEAS. 

Housekeepers who have been away during the summer, 
leaving their houses closed, are frequently surprised, upon 
their return in the fall, if the proper conditions as to moisture 
have prevailed during their absence, to find the house overrun 
with fleas. They ascribe this condition to all sorts of causes, 
but rarely hit upon the right explanation. 

The writer has yet to see a dog or cat which, at some 
time, is not troubled with these pests, and, if proper precau- 
tions are not taken, rugs or carpets or matting are quite sure 
to be overrun with the pests, as well as the animals themselves. 

The eggs of this species are laid among the hairs of the 
dog or cat (according to some authorities in the bedding of 
the animals and not on the hairs) and readily drop oflF. 
Hence they may be distributed in any room to which these 
animals have access, and will be found particularly numerous 
in places which they especially frequent, such as rugs before 
the fire and the like. The maggots, which hatch from the 
eggs in about two weeks, are white, footless, with a pale yel- 
low head. They live in the dirt of undisturbed carpets or 
rugs, or beneath the same in cracks and crevices of the floor, 
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feeding upon minute particles of decaying vegetable or animal 
matter found therein. They become full grown in about 
twelve days, turn into pupae, and in from ten to sixteen days 
(Osborn) come forth as full grown fleas. Thus the time 
elapsing from the laying of the egg to the perfection of the 
flea is, in round numbers, about forty days. 

Houses where rugs are used in place of carpets, or straw 
matting, allowing of a frequent, thoro shaking and clean- 
ing of the rugs, and a frequent and thoro sweeping of the 
bare floors, coupled with a scrubbing or other special treat- 
ment of the latter, are naturally less troubled than houses 
where the floor coverings are fastened down, thus allowing 
the insects to develop without disturbance. When serious 
infestation of a house ot*curs, carpets in infested rooms should 
be generously dusted with Persian insect powder. If this 
treatment is not successful, carpets and floors as far as possi- 
ble should be sprayed with benzine, or gasoline, proper precau- 
tion being taken to prevent the fumes coming in contact with 
lights and fires during the operation and for some hours 
afterward. If necessary, and in addition to the above, car- 
pets or matting should be taken up, thoroly beaten out of 
doors, and the floors thoroughly washed with hot soapsuds, 
taking care to reach every crevice. One writer claims that 
spraying a badly infested house, inside, with pennyroyal, a 
somewhat expensive process, will quickly drive them from the 
building. 

The cat or dog can be made to sleep on a rug provided 
for the purpose, and this rug shaken into some receptacle, and 
the dust containing the eggs and maggots burned. This of 
itself would be a decided help. 

For ridding a cat or dog of fleas, Creolin, for sale at many 
drug stores, is the best agent known to us. For dogs' use four 
teaspoonfuls of this liquid in a quart of water ; for cats, two 
teaspoonfuls in a quart of water. Shake well and apply with 
the hands or a brush, or make enough to submerge the animal. 
The latter is the best method, holding the animal in the liquid 
until the fur is completely saturated. The animal requires no 
further washing. The fleas upon the fur will all be killed and 
the fur benefited. Floors may also well be treated with this 
same preparation, using it twice as strong as for dogs, and the 
animaFs bedding or matting upon which it sleeps can be fre- 
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quently submerged with good results. Of course, fleas will 
return to a cat or dog when sufficient time has elapsed after 
treatment as above. We must remember that neglected bed- 
ding is the chief source of trouble. 

Other species of fleas are found on human beings, on rab- 
bits, moles, pocket gophers, squirrels, rats, mice, fowls, etc. 

AN EXPERIMENT WITH LANTERN TRAPS FOR 

WHITE GRUBS IN LAWN. 

Although lantern traps, as a rule, are not regarded as 
practical, and certainly are of not the slightest advantage in 
the orchard, we suggested its use, among other things, last 
spring to the superintendent of a large cemetery near Minne- 
apoHs, where the white grub (larva of L. rugosa, in part), had 
.been destroying the lawn over a large area. He was at the 
same time advised of the regard, or lack of regard, in which 
the lantern trap was held, and warned of possible failure. As 
a matter of fact, in the case of the May beetle, for parties who 
can go to the expense of a large number of such traps, and 
where the injury caused by the grubs is sufficiently great to 
induce one to leave no stone unturned in an effort to lessen 
their havoc, the lantern trap may be of some benefit, and it 
was upon this basis that the traps were used in this instance. 
The entomologist hardly cares to report on the results of the 
work until the experiment has been given another season's 
trial. We might say, however, briefly, that the traps (three 
doz. in number), were set out in different parts of the ceme- 
tery on May 8th, and were in use every night for about six 
weeks. The superintendent writes me under date of Decem- 
ber 4th, that they caught in round numbers about 3,000 
beetles, not all L. fusca, or L, rugosa, however. He states 
that the injury to the grass this season was not as great as 
the previous year, which condition may have been due in part 
to the presence of the traps. It is to be noted, however, that 
since these larvae live for two years before turning into beetles, 
marked injury to the grass, due to the ravages, of large num- 
bers of nearly and quite full grown grubs one season, would 
naturally be followed by a period of exemption from injury 
the following season, at which time there might be a compar- 
atively small number of the full groztni larvae, while the new 
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crop of larvae, quite small tlie first season, would not make 
their presence seriously felt until the following year. Of 
course, if the beetles were extremely numerous every year, 
their egg-laying each season would insure a succession of full 
grown injurious grubs every summer. 

The chief objection to lantern traps lies in the fact that 
they apparently attract very many more males than females, 
and that many of the females which are captured appear to 
have laid their eggs. The results, therefore, of this experi- 
ment, another season will be awaiteil with interest. 

The entomologist was privileged to examine one catch of 
beetles made at the cemetery with the following results as to 
species : Bolbocerus parctus, I ; B. lasanis, 8i ; Serica sericea, 
4; Copris sp. (mutilated) I ; Lachnosterna tristis, i : L. fusca 
and L. rugosa, 75 ; total, 163. 

Robins aid in the extermination of this pest and are fre- 
quently seen in numbers pulling the grubs from under the dead 
patches of grass. It has been found, too, that where a copious 
supply of water is obtainable, by keeping the dying patches 
thoroly wet all the time, the grass can "keep ahead" of 
the grub and be made to appear green in spite of them. Dr. 
Smith of New Jersey, advises the use of a liberal amount of 
ground tobacco broad-casted over the entire lawn, followed 
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by copious watering. He claims that the grubs disappear. 
Application should be made immediately upon the appear- 
ance of the pest. 

Some experiments tried by the entomologist in 1902, 
show interesting results. 

Grass drenched with kerosene emulsion (i part emulsion 
to 6 parts water); grass injured and grubs not killed; 
one part emulsion to ten of water, same results; tobacco 
water (3^ lb. stems steeped in i gal. \vater), no effect what- 
ever ; bisulphide of carbon, i oz. in shallow pan placed under 
tight box inverted over dead patch of grass (capacity of box 
3,458 cubic inches), killed all grubs in three hours without 
in the slightest way injuring the green grass with which it 
came in contact. This is in round numbers, i part of liquid 
to 1,900 parts of atmosphere. Bring no light of any kind 
near bisulphide of carbon. We illustrate one of the lantern 
traps referred to above in Fig. 80. The tub contains a few 
inches of water covered with kerosene. 

THE NEW INSECTARY. 

The accompanying photograph illustrates the exterior of 
our new insectary, just completed, at a cost of $2,500.00, that 
sum being- appropjpiated for the purpose by the la^t. leg;islature. 
The plans were made, following suggestions ot the entomol- 
ogist, and the construction superintended by Messrs, Boss & 
Bull of the Mechanical Division of the institution, to whom the 
writer's thanks are due for many courtesies, and much pain- 
staking effort. 

Here, we can study the life history of any insect, under the 
most favorable conditions, and at almost any time of the year, 
anticipating the summer season, and profiting by being thus 
enabled to work before the arrival of the busy season, when 
more demands are made upon the time of an entomologist for 
outside work. Further, by having any special groups of 
insects thus under control, and in a condition where very close 
and accurate observations may be made, one has a great 
advantage, for it is very difficult and some times impossible 
to make these observations in detail in the field. The need 
of such a building has long been felt here, and we are to be 
congratulated upon finally realizing our ambitions in this direc- 
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(ion, and thus being placed upon an equal footing with other 
leading experiment stations, most of which are provided with 
similar accommodations. The insectary stands upon about a 
quarter of an acre of good ground granted the entomologist 
by the Director and Board of Regents, for an experimental 
garden. This will be used in the future in the place of the old 
garden previously allowed, but undesirable for many reasons. 
The building, located to the south and east of the new 
main building, consists of two parts, a glass portion or green- 
house portion 35 feet by 18 feet, and a wooden part 32 feet 



by 12 feet, which is divided into a work-room and store-room, 
the latter for our spraying apparatus, insecticides, etc. Be- 
neath the work-room, and reached by a flight of stairs from 
the greenhouse, is a cellar 12 by 16, and about 6yi feet high, 
originally intended as a place for wintering our bees, but inas- 
much as we liave been obliged to instal therein an automatic 
pump to effect the return of water from our heating plant, 
its pressure may make it too warm. In this case, we shall 
endeavor to construct another cellar under our store-room, 
whicli will be free from this objection. Between the store- 
room and work-room a small dark room is located, for an 
insectary offers ideal conditions for photography, and in 
future all of our indoor pictures of insects and insect life will 
be taken under the best of auspices. The work-room is sup- 
plied with bench, drawers, cupboards, cases for instruments 
and books, and well lighted. 
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The greenhouse portion is provided with benches for our 
breeding cases and breeding jars, tables for photographic out- 
fit, earth beds for growing food plants of insects, places to 
plant trees and shrubs, an aquarium, cement walks, curtains 
for shading plants from too much sunshine, and is heated and 
gets its water supply from the main heating and water plants 
of the institution. The glass part of the insectary, further, is 
divided into a "warm room" and "cold room," the former 
20 by 18. the latter 15 by 18 feet, a glass partition dividing 



the two. in the warm room a summer temperature, or even 
tropical conditions may be obtained during the winter, if 
desired, while the cold room, although it can be warmed if 
needed, is intended for the small trees, shrubs or breeding 
cages which we wish to keep at the outside temperature. The 
sash is made of the very best of seasoned Gulf Coast cypress, 
and modern ventilating and lifting machinery (top and sides) 
has been installed. 

The walls designed to keep out the cold, and to help main- 
tain an equable temperature inside deserve special mention. 
They are laid on an eight-inch concrete footing. Above this 
is 12 inches of concrete foundation to the floor line, the walls 
proper, 3^ feet high from floor line to sash, being composed 
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of twojayers of hollow tile with a i-inch space between, and 
7-8 inch of cement plaster over tile on outside and inside of 
wall. 

The building taken as a whole is well worth the amount 
appropriated, and bids fair to be of much usefulness. 

ADDITIONAL MINNESOTA DIPTERA. 

The following new species of Minnesota flies have been 
secured since the report for 1905 (Di'ptera of Minnesota) was 
issued. The identification has been made in part by Mr. 
Coquillet. The different families are arranged alphabetically 
for convenience of reference. 

AGROMYZIDAE. 

Desmometopa m-nigrmn, Zett. ; D. lattices, Meig. ; 
Agromyza aene oven Iris, Fall.; Ceratomy::a dorsalis, Loew; 
Olfersia americana, Leach. 
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ANTHOMYIDAE. 

Pegomyia bicolor, Wied. ; Hylemya alcathoe, Walk. ; 
Schoenomysa dorsalis, Loew; Coenosia, sp. ; C lata, Walk.; 

C. flavifrons, Stein; Mydaea, sp. Hylephila, sp. 

ASILIDAE. 

Holopogon, sp. ; Asilus notatus, Wied.; A. novacscotiae, 
Macq. 

BIBIONIDAE. 

Scatopse atrata, Say. 

CECIDOMYIDAE. 

Diplosis, sp. 

CHIRONOMIDAE. 

Ceratopogon sanguisuga, Coq. ; C cilipes, Coq. 

CONOPIDAE. J 

Sphiximorpha (Ceria) signifcra, Loew. 

CULICIDAE. 

Cnlcx frickii, Ludlow, n. sp., (?) Fort Snelling, Minn., 
October i, 1905. 

DOLICHOPODIDAE. 

Argyra albicans, Loew.; Chry^otus, sp. ; C. obliquus, 
Loew. ; Diaphorus, sp. ; Dolichopus acuminatus, Loew. ; D. 
angustatus, Aid. ; D. batillifer, Loew. ; D. longipennis, Loew. ; 

D, luteipennis, Loew. ; D. pachycnemiis, Loew. ; D, reflectus, 

Aid. ? : Gymnopternus sp. : Neurigona lateralis, say Aid. 
N. 
superbiens. Loew. ; N, Nothosympycnus fiodatus, Loew. ; 
Pelastoneurus vagans, Loew. ; Sympycnns lineatus, Loew. ; 
Synarthns palmariis, Loew. 

DROSOPHILIDAE. 

Drosophila amoena, Loew. ; D, punctulata, Loew. ; D. 
{Scaptomyza) graminitm, Fallen. 

EMPIDAE. 

Hilara femorata, Loew. ; Platypalpus trimalis, Loew. ; 
Rhamphomyia fumosa, Loew. ; R. vittata, Loew. 

EPHYDRIDAE. 

Hydrellia hypolenca, Loew. ; Paralimna appendiculata, 
Loew., Psilopa atrimanus, Loew. ; F. sompta, Meig. ; Scatella 
stagnalis, Fall. 
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GEOMYZIDAE. 

Anthomyza teftuis, Loew. ; Diastata vagans, Loew. 

HELOMYZIDAE. 

Hcloinyza pluinata, Loew. — H. qiiinquipunctata, Say. 

LEPTIDAE. 

Artliropeas, sp. ; Leptis scapularis, Loew. ; Xylomya pal- 
lipes, Loew. 

LONCHOPTERIDAE. 

Lonchoptera lacustris, Meig. ; L. litfca, Panz. 

MUSCIDAE. 

CaUiphora erythrocephala, Meig. ; Muscina assimilis, 
Fallen; Muscina dissimilis, Fallen; Myiospila incditobunda, 
Fab. 

MYCETOPHILIDAE. 

Plafyura, sp. ; Zygoneura, sp. 

ORTALIDAE. 

Mclieria ochriconiis, Loew. ; M. siinilis, Loew. ; Rivcllia 
basilaris, Coq. ; Tritoxa flexa, Wied. 

OSCINIDAE. 

Chlorops proximo, Say ; Elachiptera cosfata, Loew. ; E. 
longnla, Loew. ; Hippelates flavipes, Loew. ; //. plebeius, 
Loew. ; H. pusio, Loew. 

PHORIDAE. 

Aphiochaeta niHpes, Meig. 

PIPUNCULIDAE. 

Pipunculus lioughii, Kert. ; P. nigripes, Loew. ; P. sub- 
virescens, Loew. 

PSILIDAE. 

Loxocera cylindrica, Say. 

SAPROMYZIDAE. 

Lonchea polita, Say ; Sapromyza longipennis, Fab. ; 5". 
Inpulina, Fab. ; S. philadelphica, Macq. 

SCATOPHAGIDAE. 

Cordylnra adusta, Loew. ; Parallelomma varipes, Walk. 

SCIOMYZIDAE. 

Tetanocera canadensis, Macq. ; T, saratogensis, Fitch. 
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SEPSIDAE. 

Nemopoda minuta, Wied. ; Prochyliza xanthostoma, 
Walk. ; Sepsis cynipsea, Linn. 

SIMULIIDAE. 

Simulium meridionale^ Riley. 

STRATIMOYIDAE. 

Euparyphus atriventris, Coq. ; Odontomyia plebeja, Loew. ; 
Stratiomyia apiciila, Loew. 

SYRPHIDAE. 

Baccha fascipennis, Wied.; Meso gramma boscii, Macq., 
Myiolepta nigra, Loew. 

TACHINIDAE. 

Blepharipeza leucophrys, Wied. ; Cistogaster immactdata, 
Macq. ; Exorista nigripalpis, Town ; Hemyda aurata, Desv. ; 
Macromeignia chrysoprocta, Wied. ; Polidea areas, Walk. ; 
Stunnia bakeri, Coq. ; Tachina rustica, Fallen. 

THEREVIDAE. 

Thereva candidata, Loew. 

TRYPETIDAE. 

Eutreta sparsa, Wied. ; (Tephritis piiciola, ^\got,=LEnsina 
hnmilis, Loew., Aldj Oedaspis sctigera, Coq. ; Rhagoletis 
siiavis, Loew. 

PUBLICATIONS OF THE ENTOMOLOGICAL DE- 
PARTMENT SINCE 1895. 

The following list shows what publications from this divi- 
sion of' the Experiment Station are available at the present 
time (December 1906). Parties sending for any of these 
must bear in mind that while the bulletins are franked and 
require no postage, we have to stamp the reports. Requests 
for reports, therefore, should be accompanied by stamps. 

The Fourth Annual Report requires for unbound copies 
II cents; the Fifth Report takes 9 cents for unbound copies; 
the Sixth Report takes 10 cents for unbound copies; the 
Eighth Report, 9 cents for bound and 7 cents for unbound 
copies; the Ninth Report, 7 cents for unbound copies; the 
Tenth Report, 8 cents for bound copies and 6 cents for unbound 
copies; the Eleventh Report 8 cents for bound copies, and 
6 cents for unbound copies. Special Reports require as a rule, 
2 cents each, and circulars, i cent. 
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This bulletin: "Forage Crops of High, Medium and 

Low Protein Content/' discusses the composition and 

fT characteristics of the more common farm crops, as clover, 

[i alfalfa, peas, rape, corn fodder, silage, prairie hay, timothy 

3 8i bromus inermis and millet. In connection with the com- 

j s< position of some of the crops, the protein content of the 

? n seed is considered. In the case of clover, alfalfa, peas, 

! ij beans and rape, two distinct types of seeds are shown to 

I uj;^ occur, one of high and the other of low protein content, 

yd and the relationship of the physical characteristics of the 

seeds to the chemical composition is noted. The larger 

protein content of the seed is considered as a possible 

factor in the production of forage crops of higher nutritive 

value. 

The quality of the forage in live stock feeding is of 
g great importance, because by the use of more concen- 

l trated nitrogenous forage, rations can be prepared, re- 

I ' quiring smaller amounts of grains and milled products. 

This results in a material financial saving in the feeding 
of stock. 

There is a large variation in composition of our com- 
mon forage crops, as corn fodder and the native varieties 
of grass and hay. Under the best conditions of culture 
and manuring these crops contain the maximum amounts 
of protein and other valuable nutrients. In the course of 
this investigation, it has been observed that forage crops, 
as timothy and corn fodder, when grown on well cultivated 
and manured lands, often contain from 25 to 30 per cent 
more protein and a smaller amount of crude fiber than 
when grown of poor soils. To the farmer it is quite sig- 
nificant that forage of the highest feeding value can be 
produced by increasing the fertility of the. soil. 



Reprint of Bulletin No. 101 of this Station. 

FORAGE CROPS OF HIGH, MEDIUM AND LOW 

PROTEIN CONTENT- 



HARRY SNYDER. 

For the feeding of live-stock, the composition and char- 
acter of the forage are generally the deciding factors in 
determining economy of production. When the forage 
crops contain the maximum amount of protein, less grains 
and mill products are required. An examination of the 
nutrient content of an average ration shows that under 
ordinary conditions, the protein is supplied largely by the 
grains, and the carbohydrates by the coarse fodders. Aver- 
age forage crops furnish less than half of the protein of a 
mixed ration. While the carbohydrates are valuable for 
the production of heat and energy, and when properly 
combined with protein, also serve for the production of 
fat, the protein supply cannot be disregarded; and on the 
other hand, a ration is not necessarily valuable in propor- 
tion to its content of digestible protein. The right com- 
bination of protein and carbohydrates so as to produce the 
best results, is a subject that is being extensively investi- 
gated by a number of experiment stations, but there is 
need also of more attention being given to the production 
of forage crops of maximum protein content. 

An examination of the composition of forage crops 
shows that they naturally fall into three general classes; 
those of high, those of medium and those of low protein 
content. Forage crops of high protein content are clover, 
alfalfa, peas, vetches, beans and rape. All of these are suc- 
cessfully grown in this state, and with the exception of 
rape all belong to the leguminous family. A more exten- 
sive production of these crops is desirable, not only for for- 
age, but also for the enrichment of the soil with nitrogen, 
which has been extensively lost in the cultivation of grain 
crops. 
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During the past few years a large number of samples 
of various forage crops have been collected and analyzed 
by the chemical division of the Minnesota Experiment 
Station. Some of these have been analyzed for other 
divisions of the Station. Of the numerous analyses made, 
a few are here given with the object of showing the chemi- 
cal composition and nutritive value of our common forage 
crops and also the variations in composition of these crops 
when grown under different conditions. It is encouraging 
to note that some of the factors which contribute to the 
growth of crops of maximum protein content, are under 
the control of the farmer, and that with proper care, crops 
of high protein content and feeding value can be produced. 
The two most important factors which affect the composi- 
tion and nutritive value of crops are the fertility of the soil, 
and the composition and character of the seed. Both of 
these factors are discussed to a limited extent in this bul- 
/etin. 

Clover and Alfalfa. The high feeding and fertilizing 
value of these crops are so well known and recognized that 
it is scarcely necessary to call attention to them. Alfalfa 
is discussed in bulletin No. 80 of this station, and clover in 
bulletins Nos. 34, 53 and 89. In order to show the com- 
parative composition and feeding value, analyses of three 
cuttings of alfalfa and two of clover are given : 

TABLE LXXXII.— Composition of Alfalfa and Clover. 

ALFALFA. CLOVER. 

l8t 2nd 3rd Ist 2nd 

Cuttingr Cuttiner Cuttinof Cutting Cutting 

Per Cent Per Cent Per Cent Per Cent Per Cent 

Dry Matter 32.40 34.22 31.60 61.40 48.12 

Composition of 
dry matter 

Crude protein 20.00 19.68 17.64 13. .35 14.75 

Pat 2.46 2.72 2.22 3.65 3.34 

Crude fiber 27.20 26.45 31.99 25.07 23. 8« 

Ash 9.70 9.30 8.73 5.65 5.72 
Nitrogen free ex- 
tract ( Carbohy- 

drates) 40.64 41.85 39.42 52.28 52.31 
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The high content of protein in alfalfa is particularly 
noticeable, there being twice as much as is found in such 
crops as timothy and prairie hay. There is as much 
digestible protein in alfalfa as in average farm grains and 
mill products. Alfalfa is successfully grown in many 
localities in Minnesota, and as a home grown source of 
protein, it is a valuable forage. As ordinarily prepared, it 
contains more protein than clover hay, which is due in part 
to its being cut at an earlier stage of growth than clover. 

For average farm conditions the more extensive pro- 
duction of clover will prove highly beneficial. Like alfalfa 
it is rich in protein, and at the present time appears to be 
more easily grown than alfalfa. Clover is especially well 
adapted to crop rotations. Its enrichment of the soil with 
nitrogen and humus has been discussed in former bulletins 
of this station. Two good crops of clover are generally 
produced each year. The second crop is often considered 
by dairymen as more valuable for feeding purposes than 
the first crop. The analyses given show that while the 
differences in composition are not large, the second cutting 
contains a little more protein and less fiber than the first 
cutting. A comparison of the protein content of the first 
and second cuttings was also made with another crop of 
clover hay. The first cutting contained 12.6 and the 
second 16.43 per cent. 

An examination of the results of the analyses of clover 
grown upon the different soil types of the state, shows 
that the maximum protein and usually the minimum fiber 
are produced on soils that are mediumly well supplied with 
lime, available potash and phosphoric acid. Soils of the 
highest nitrogen content do not necessarily produce clover 
that is richest in protein. In fertilizer tests with wheat 
seeded to clover, (see Bulletin 91, page 178), it has been 
noted that an application of potash and phosphate fertil- 
izers was especially beneficial in securing a good stand of 
clover. Occasionally samples of both alfalfa and clover are 
found with low protein content. 

White clover, which is indigenous in many parts of 
Minnesota, often taking possession of old pastures as a 
weed, is also rich in protein. Although some farmers look 
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upon it with disfavor, it is in general a valuable plant. 
When consumed by horses in large amounts it often 
affects the salivary glands, causing an abnormal flow of 
saliva. As a nitrogen restorer to the soil it possesses great 
value, and the cumulative fertility of old pasture lands 
used again for grain production, is often largely due to 
the nitrogen and humus resulting from the growth of 
white clover. 

Composition of White Clover. 

Per cent. 

Dry matter 18.36 

Ash 8.31 

Crude protein 20.31 

Crude fat 3.41 

Crude fiber 18.41 

Carbohydrates 49 . 56 

(Composition given on basis of dry matter.) 

Clover and Alfalfa Seed of High and Low Protein 
Content. Since in former work at this Station it was 
shown that in the case of wheat and other cereals, two 
distinct types of kernels are present in any sample of the 
grain, it was considered advisable to determine whether 
this difference extended to the seeds of other crops, par- 
ticularly the forage crops. An examination of samples of 
clover and alfalfa seed of known purity and uniform ripe- 
ness, showed that there are types of individual seeds dis- 
tinct as to color and other physical properties. Some of the 
seeds were dark brown in color, while others were lighter 
and of a yellowish tinge. When cut with a knife and exam- 
ined with a lens, a difference in corneous character of the 
seeds was also observed. The following results were ob- 
tained when samples of alfalfa and clover were hand picked 
and divided into two classes, conventionally designated 
dark brown and yellow seeds, and the nitrogen content of 
each was determined : 
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TABLE LXXXIII.— Protein Content of Clover and Alfalfa Seed. 

HiRh Protein. JLow Protetm, 
Dark Brown L.ighi Yellow 
Seeds Seeds. 

Per Cent. Per Cent. 

Turkestan alfalfa 34.65 29.99 

Grimm alfalfa 39.14 33.61 

Clover, medium red 31 .43 31 .3<^ 

Clover, alsike 29.20 28.43 

Clover, mammoth red 33.02 31 .74 

Clover, white 30.67 26.41 

Average 33.02 30.08 

In some of the samples, the difference in protein con- 
tent between the dark brown and the light yellow seeds 
was quite pronounced, amounting to five per cent and more 
in favor of the dark brown seeds, while with other samples 
the difference was less pronounced, amounting to less 
than one per cent. Since the dark brown seeds uniformly 
contained more protein than the light yellow seeds, the 
dark brown ones can consistently be designated as of high 
protein content, and the light yellow of low protein content. 
Occasionally seeds are observed that are part yellow and 
part brown. It is believed that this is due to a tendency 
of the high protein seeds to revert to a low protein type. 
In this work all seeds that were suggestive of immaturity 
were excluded. 

In the case of both wheat and corn, it has been demon- 
strated that the glutenous and starchy types of kernels 
have a decided tendency to produce grains of the same 
type, -and that by careful selection, wheat and corn of 
maximum protein content may be produced. It is believed 
that this same principle will hold true in the case of other 
crops, and while clover and alfalfa both contain large 
amounts of protein, there seems to be no reason why the 
high protein seeds will not produce crops of maximum 
protein content as in the case of corn and wheat. The 
physical characteristics of the seed being associated with 
chemical composition offers a means of selecting clover and 
alfalfa seeds of high and of low protein content. To the 
farmer it is suggestive that for seeding preference be given 
to the darker colored seeds of high germinating power. 

Peas. When peas are cut and cured as hay, they make 
a valuable forage, either alone or when grown with oats 
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or other grains. The composition of a typical sample of 
pea hay grown upon the Experiment Station farm, is as 
follows : 

Per cent. 

Dry matter 36.39 

Ash 7.29 

Crude protein 18.87 

Fat 2.11 

Crude fiber 28. 55 

Nitrogen free extract 43. 18 

(Composition on dry matter basis.) 

Pea hay, like clover and alfalfa, is characteristically 
rich in protein, and for a forage of high protein content 
it is valuable. The difficulties, however, in the way of 
cutting and curing the crop undoubtedly prevent its more 
extensive use as forage. In a former investigation the 
digestibility of pea silage was determined and it was found 
to have a high digestibility. 

Peas of High and Low Protein Content. Peas show 
as much diversity in color, density and general physical 
properties as any seeds. In some varieties the matured 
seeds are creamy or yellow tinged, in others they are 
various shades of green and occasionally they are nearly 
white. Because of these variations in color, the selection 
of standard types becomes more difficult than in the case 
of seeds more uniform in character. With each variety, 
however, a close examination reveals two types of seed. 
Those of a yellow tinge will show individual seeds of both 
dark and light color, and the green seeds likewise, when 
all of the same degree of maturity, show darker and lighter 
shades of green. A number of samples of peas were 
selected for purposes of study. The seeds were hand 
picked, and from each sample two types were selected, 
and the nitrogen content of each was determined with 
the following results : 
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TABLE LXXXIV.— Protein Content of Peas. 

Low Protein High Protein 
Seeds. Seeds 

Sample No. 1 20.88 25.01 

2 23.61 24.29 

3 23.69 27.12 

4 14.15 22.69 

5 24.90 27.29 

6 23.30 29.78 

7 21.02 22.19 

8 28.66 31.74 

Average 22.52 26.26 

In the eight samples of peas, each representing a dif- 
ferent variety, the protein content was found to range from 
19.15 to 31.74 per cent. The darker colored and more 
corneous seeds designated as high protein seeds, contained 
3.74 per cent more protein than the light colored, more 
starchy low protein seeds. From the results secured it 
would appear that the same general differences in protein 
content observed in clover and alfalfa seed also occur in 
peas, and that from the physical characteristics two types 
of seeds can be selected, one of low, and the other of high 
protein content. It is believed that in the production of 
peas of maximum protein content, this difference in type 
of seed can be taken advantage of as a factor in producing 
desired results. 

The value of peas as human food is discussed in 
Bulletin No. 92 of this Station. 

Soy Beans. Soy Beans are generally considered too 
tender to be grown in northern latitudes. However, on 
well manured loam soils of southern slope they can be 
successfully grown. The sample analyzed was from a plot 
used for sheep feeding. 

Per cent. 
Dry matter 22.83 

(Composition of dry matter.) 

Ash 10.98 

Crude protein 19.82 

Fat 2.18 

Crude fiber 30.21 

Nitrogen free extract 36.81 

This crop has about the same gtneral composition as 
pea hay, and where it can be successfully grown, it has 
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proved valuable in the feeding of animals, as it contains 
a large supply of protein. 

Beans of High and Low Protein Content. Samples of 
different varieties of beans were examined to determine 
to what extent variations in protein content occur. From 
each sample, two types of seeds were selected in the same 
way as in the case of peas. The protein content of the 
different types was found to be as follows : 

TABLE LXXXV.— Protein Content of Beans. 

Liow Protein High Protein 
Seeds Seeds 

Per Cent Per Cent 

Lima beans 20.03 35.01 

Navy beans 18.93 25.18 

Butter beans , 20.97 21 .35 

Wax beans 18.68 22.15 

Average 19.65 25.92 

In the four samples of beans examined, two distinct 
types from each were secured, high protein and low pro- 
tein seeds, the difference in protein content being 6.27 per 
cent, in favor of the high protein type. The value of beans 
as human food is discussed in Bulletin No. 74 of this 
Station. 

Com Fodder and Soy Beans. This combination, corn 
fodder and soy beans, has been proposed for silage and 
soiling purposes. Soy beans are characteristically rich in 
protein, and corn fodder in carbohydrates. The sample 
analyzed contained a larger proportion of soy beans than 
corn fodder, and yielded the following results: 

Per cent 

Dry Matter 20.23 

(Composition of dry matter.) 

Ash 12.44 

Crude protein 14.87 

Fat 2.85 

Crude fiber 33.76 

Nitrogen free extract 36.08 

The soy beans contained 19.82 per cent protein, the 
corn and soy beans 14.87, and the corn alone 9.54. The 
mixed forage of corn and soy beans contained as much pro- 
tein as clover hay. The difficulties experienced in growing 
soy beans in the more northern latitudes would probably 
prevent the general fise of this mixed forage, although 
it is a valuable combination for feeding purposes. 
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Spring Vetch. This crop was grown as sheep pasture. 
The vetch has a similar composition to clover and other 
legumes, and is a valuable forage plant. 

•Per cent. 
Dry Matter 20. 14 

(Composition of dry matter.) 

Ash 7.88 

Crude protein 16.37 

Fat 1 . 73 

Crude fiber ; . . 27.48 

Nitrogen free extract 46.54 

Rape. Although rape is not a member of the legum- 
inous family, it is a forage crop that has a high protein 
content when grown upon rich and well manured land. It 
is extensively grown by many sheep and swine feeders. 
When green rape is fed, much care must be exercised to 
prevent hoven or bloat. It is to be regretted that it con- 
tains an essential oil which so readily contaminates milk, 
making it undesirable as a forage for milk production. A 
number of samples of rape in different stages of growth 
have been analyzed during the past few years. A few of 
the results are given in the following table to show the 
general composition of the crop and the extent to which it 
may vary. These results are on the basis of the dry matter. 

TABLE LXXXVL-^Composition of Rape. 

• Dry Grade Etber Crude Ntr'g'n 
matter pr'teia extract fiber rr— Ex. Ash 
Per Ct. Per Ct. Per Ct. Per Ct. Per Ct Per Ci. 

Youngs rape plants grown on 

manured paddock 15.26 30.92 4.25 17.95 24.54 22.34 

Rape nearly mature 39.90 11.02 2.90 21.19 55.12 9.77 

Rape nearly mature 33.83 10.38 3.41 18.52 fi7.54 10.15 

Rape nearly mature 36.72 12.01 2.62 19 26 57.45 8.76 

Rape errown on manured land... 27. M 15.65 4.o4 21.05 45.04 14.22 

Rape thrown on manured land... 24.32 16.42 3.80 15.49 51.29 13.00 
, Youngr rape plants grown on 

heavily manured land 10.02 26.19 3.75 16.88 32.20 20.98 

The young rape plant is characterized by a high con- 
tent of crude protein. The leafy character of the plant 
makes it specially responsive to the action of nitrogenous 
fertilizers. In the table it will be seen that rape grown on 
manured land contained 4.61 per cent more protein than 
that grown on unmanured land. Under average conditions 
the dry matter of rape contains as much protein as clover. 
The amount of ash or mineral matter is quite large, while 
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the content of fiber is comparatively small. The high pro- 
tein content of rape combined with its succulent character 
makes it when judiciously fed, a valuable forage plant. 

Rape Seeds of High and Low Protein Content. In the 
separation of rape seeds into high and low protein groups 
much difficulty was experienced because the lighter seeds 
often owe their color to immaturity. A sample of rape seed 
was divided by hand picking into three lots; dark colored 
and mature, light colored and mature, and light colored 
and immature, and the nitrogen in each lot was determined. 

Nitrogen 
Per Cent 

Dark colored, mature 20.02 

Light colored, mature 18. 12 

Light colored, immature 21.72 

This difficulty in separating the seeds into high and 
low protein groups, because of the lighter color of the im- 
mature seeds, was also experienced with other seeds than 
rape, particularly millet. It was found, however, that 
when special care was exercised in the elimination of the 
immature seeds, it was possible to select starchy and glu- 
tenous ones, showing a difference of one per cent and more 
of protein in favor of the glutenous type. 

The forage crops of high protein content as clover, 
alfalfa, peas, vetch, soy beans and rape in field cured or air 
dried condition, usually contain from 12 to 20 per cent of 
crude protein; while those of medium protein content as 
corn fodder, timothy, millet, blue grass hay, prairie hay 
and bronlus inermis contain from 5 to 11 per cent. Be- 
cause of this wide range it is evident why so much stress 
is laid upon the importance of forage of high protein con- 
tent, and why there is a saving of grain and mill products 
when such forage is used in the feeding of live stock. 

In all of the high protein crops examined, the seeds 
showed two distinct types differing materially in protein 
content. The high protein type of clover, alfalfa, pea, bean 
and rape seed is more corneous, and of a darker color than 
the low protein type, rendering it possible to distinguish 
the two by their appearance alone. It is believed 
that this difference in character of the seed can serve as a 
basis for selection, with the view of producing crops of 
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maximum protein content in the same way as has been 
done with corn and wheat. 

Forage Crops of Medium and Low Protein Content. 
There are many forage crops of medium protein content 
that are of high value, particularly on account of their large 
yield per acre, and their adaptability for combination with 
farm grains and mill products. The protein content of 
these forage crops appears to be more susceptible to in- 
crease by the use of manures than the high protein class. 
Millet. This crop is extensively raised in many parts 
of the state. There are several varieties which differ but 
little in chemical composition, the main differences being 
habits of growth and yield. Samples Nos. 1 and 2 are 
German millet grown upon the Experiment Station farm, 
and cut just before coming into bloom ; sample No. 3 was 
produced on poor soil, seeded thinly, and cut in full bloom. 

TABLE LXXXVII.— Composition of MiUet. 

Sample No. 1 Sample No. 2 Sample No 3 

Per Cent Per Cent Per Cent 

Dry matter 42.12 40.60 67.24 

(Composition of dry matter.) 

Crude protein 11.38 11.58 6.24 

Fat 2.63 2.59 2.10 

Nitrogen free extract 38.25 39.09 43.26 

Crude fiber 35.18 34.73 39.24 

Ash 12.56 12.01 9.16 

The dry matter of millet that has been properly grown 
has as much protein as timothy hay or corn fodder; that 
produced under poor conditions, as noted above, has a low 
protein value. An attempt was made to discover if millet 
hay contained any glucosides or similar bodies that might 
account for the injurious effects when fed to horses in too 
large amounts and for too long a period. The results were 
not conclusive. For the feeding of cattle and sheep it is 
a valuable forage if grown under favorable conditions. 
The best results are secured when it forms only a part of 
the coarse fodder consumed. Millet can be advantageously 
combined with any forage crop. 

In a former bulletin. No. 80, it is shown that ground 
millet seed contains about the same amount of digestible 
nutrients as barley or wheat, and has approximately the 
same feeding value. In some localities, millet has been 
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used successfully as a green manurial crop for the addition 
of the humus to the soil. Where clover or other legumes 
fail to make a good yield it is excellent for the purpose al- 
though unlike clover, it fails to add nitrogen to the soil. 
Many farmers have reported that following a crop of millet, 
wheat gives as good a yield as after corn. 

Rye Fodder. For early forage, rye is often seeded in 
the fall, and then pastured in the spring. In many parts of 
the state, it makes a good growth, and it is valued because 
of its affording pasture earlier than the native grasses. 
Occasionally the mistake is made of keeping milk cows too 
long or too exclusively on rye pasture, resulting in the rye 
causing an undesirable flavor in the milk. At the time of 
heading out, rye is the most objectionable for forage on 
account of its causing "tainted milk." The analyses of 
four examples of rye fodder made for the Dairy Division 
of this station are given in the following table : 

TABLE LXXXVII.— Composition of Rye Fodder. 

(Composition of dry matter.) 

Dry Crude Etber Crude Nit'c'M 
matter pr'tein extract fiber Free Ex. 

Plot I, sampled May 16 24.8 9.25 3.1 28.12 69.63 

*• II, 



III, 

IV. 

V, 

VI, 



'* '• 24.6 9.31 3 2 29.32 68.17 

'* " 26.7 11.06 3.9 30.48 64.56 

June 16 36 7 8.88 3.1 31.16 66.86 

*• »« 30.3 8.63 2.0 31.64 67.73 

*' *' 42.2 8.75 1.8 .32 12 67.33 

Average. iJ0.»7 9. 31 2.86 30.47 67.36 



The dry matter of rye fodder contains about the same 
amount of crude protein as the best grades of timothy 
hay at the same stage of growth. Where intelligently 
grown and used, rye fodder is a valuable crop for early 
spring pasture. It is succulent and mediumly rich in pro- 
tein and other nutrients. 

Timothy. — Timothy is extensively grown in nearly all 
parts of the state, and is one of the most important of the 
forage crops. It is grown alone, or with clover, red-top or 
other grasses. Timothy hay is a forage crop that usually 
contains only a medium amount of crude protein. When 
grown upon poor soil, or allowed to over-ripen, it has a 
tendency to contain a small amount only of crude protein, 
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and a large amount of fiber. A number of samples of 
timothy hay have been analyzed in this laboratory during 
the past few years, in connection with feeding experiments 
and other tests. For purposes of illustration a few of these 
analyses are given in the following table : 

TABLE LXXXVIII.— Composition of Timothy Hay. 

Dry Crude Crude Ntt'g'n Crude 
mutier pr'teiu fat Fre« Ex. fiber Ash. 
Condition ol Sample. Per Ot. Per Ct. Per Ct. Per Ut. Per Ci. Per Ct. 

Overripe S9.17 6 18 2.92 53.28 H2.79 4.83 

A little coarse h8.(»7 H 50 1A6 37.43 34.79 «.«7 

Medium »ampie 89 3(5 H.H2 2.14 39.^4 34.87 5.79 

Coarsesample i'1.5rt 5 11 2. HI 43.18 33.11 7.85 

Coarse sample i<0.82 5 t)7 2.33 43. H7 32. IH 6.99 

Grown on poor soil 'H.12 « 45 2.-J8 44.37 31.18 6.84 

Grown on manured 9oil 90.03 8.75 2.16 41.76 30.64 6.72 

Good commercial grade, 

bright and well cured 89.12 9.10 2.44 41.26 29.88 6.44 

From the table it will be observed that the samples 
of timothy hay range in protein from 5.11 to 9.10 per cent. 
That grown upon manured soil contained 2.3 per cent, 
more than that grown upon adjoining land that had not 
been fertilized. For the feeding of horses, timothy hay 
of good quality is generally preferred to other forage. It 
is a forage, however, that may vary widely in its content 
of protein and other nutrients, and hence its quality 
should be carefully considered, otherwise a ration 
composed largely of timothy hay may not contain the 
necessary amount of nutrients. It is a crop that is notice- 
ably influenced in composition by the fertility of the soil, 
particularly by the amount of nitrogen, phosphoric acid 
and potash compounds which are present in available con- 
dition. It is to be noted that in the use of timothy grown 
upon soil which is of high fertility from the use of farm 
manures, 25 per cent, more protein and less fiber are ob- 
tained than from that grown upon poor soil. The amount 
of crude fiber is generally greater in the absence of a high 
per cent, protein. For general feeding purposes, timothy 
grown with some clover is preferable, as a large amount of 
nutritive material is thus furnished as well as variety in 
the ration. 

In the curing of timothy hay, appreciable amounts of 
nutrients are often lost through excessive leaching and 
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bleaching. When exposed to heavy rains, the more soluble 
parts are removed, and in drying further losses from fer- 
mentation occur. When bleaching takes place, the chloro- 
phyll is destroyed, and the protein is changed in character, 
being rendered less digestible, and there is also a loss of 
essential oils which impart the desirable flavor and aroma. 
If grown under the best conditions timothy hay may con- 
tain as high as 9 per cent, of crude protein, and then it is 
entitled to be classed as forage of mediumly high protein 
content. If grown under poor conditions and on unfertile 
soil, it may contain less than 5 per cent, of crude protein, 
about the same amount as is found in the best grades of 
straw. It is then classed as forage of low protein content. 
There are but few forage crops that are susceptible to such 
wide ranges in protein and fiber content, and consequently 
in nutritive value, as timothy hay. High nutritive value 
and lars^e yields are secured by careful attention to the 
ferti'.ty of the soil. 

Prairie Hay. — There are a number of different var- 
ieties of native grasses and hays commonly grouped to- 
gether and called prairie hay. They have about the same 
general composition and feeding value as timothy hay. 
Some of these have a tendency to contain a low per cent, 
of protein, and if not cut in the earlier stages of growth, 
they often have an abnormal amount of crude fiber. When 
prepared under the best c&nditions, prairie hay is equal in 
feeding value to timothy hay. The different varieties of 
prairie hay, as up-land and low-land, differ materially in 
mechanical as well as chemical composition. 

The chemical composition of a few commercial 
sample of prairie hay is given in the following table : 



FORAGE CROPS. 243 

TABLE LXXXIX.— Composition of Prairie Hay. 

Dry Crude Crude Nlt'g'n Crude 
matter pr'tein .fat Free Ex. fiber Ash 
Condition of sample. Per Ct. Per Ct. PerCt. PerCt. PerCt. PerCf 

Prairie hay, over ripe and 

bleached 90.36 4.64 1.32 35.44 39.20 9.76 

A little coarse, overcured 90.49 5.60 2.59 40.70 35.15 6.45 

Average quality 90.78 6.19 2.81 39.87 34.08 7.83 

Coarse sample 90.92 4.77 2.01 40.27 34.58 9.29 

Average quality ^^8.50 6.03 2.38 49.33 34.23 8.03 

Hi{?hgrade 90.85 7.11 2.54 42.00 30.37 8.83 

Hiffh grade 91.00 8.93 1.97 44.25 29.11 6.74 

Fair quality 89.35 6.05 2.13 43.30 32.51 5.36 

Fair quality 89.09 5.97 2.09 43.19 32.30 5.54 

Good quality 93.22 6.92 1.80 46.36 30.85 7.29 

Bright, mediumly fine, high grade prairie hay con- 
tains nearly nine per cent, of protein, while coarse, low 
grade, over ripe and bleached samples contain less than five 
per cent. Many feeders have observed a great difference 
in the results secured from the use of the various grades 
of prairie hay. When the range in protein content is con- 
sidered, the cause of this variation in feeding is easily ac- 
counted for. 

Weeds. — While weeds are not entitled to be classed 
with forage crops, they are often present in large amounts, 
and require consideration, particularly in the case of old 
grain fields, where crop rotations have not been practiced. 
Some of the weeds are eaten by stock with an evident 
relish. 

In order to determine the comparative nutritive value 
of weeds, fifteen samples were collected and analyzed. 
The results are given in the following table : 
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TABLE XC— Composition of Weeds. 

(Composition of dry matter.) 

Nitrogen, 
Dry Crude Ether Free ezt act 

matter protein eztr'ct and fiber Ash 

Purslane 95.01 26. i3 2.9 53.70 17.27 

Field shuttle 92.76 9.81 4.04 78.32 7.83 

Wild buckwheat 92.99 14.60 2.08 75.92 7.50 

Pigweed 97.00 26.54 1.36 62.86 9.24 

Lambs quarter 9.«.64 25.06 1 .96 54.64 18.34 

Cheese weed, mallow 94.12 24.64 2.70 58.95 13.71 

Dandelion..: 93.84 17.68 3.42 68.87 10.03 

Quack Grass 94.6 11.27 1.96 79.12 7.65 

Kussian thistlH 93.81 12.25 2.15 77.61 7.99 

Hedge mustard 94.5 16.52 1.43 74.18 7.87 

Common '* 91.79 1^75 1.55 75.59 7.11 

Golden rod 93.89 11.63 4.85 76.63 6.89 

CatDip 94.30 22.25 2.66 63 07 12.02 

Goosefoot 95.23 13.69 .85 73.97 11.49 

Pigeon errass 95.26 16.23 2.14 68.81 12.77 

Wild barley before head- 

inerout 85.20 18.22 3.41 .32.07 11.10 

Auns fully developed 62.12 9.98 3.20 43.06 7.16 

The large amount of protein in the dry matter of many 
of the common weeds is quite noticeable, particularly in 
purslane, lambs quarters or pig weed and cheese weed or 
mallow. There is more protein in the dry matter of these 
weeds than in either alfalfa or clover, and this fact suggests 
the advisability of keeping a few. sheep on every farm, for 
utilizing and controlling the weed crop. Under such a 
system the land is reclaimed, and the weeds are utilized 
for both forage and green manure. It is well known that 
weeds, when grown and cut with grain crops, make a heavy 
draft upon the land; this is because of the large amount of 
protein and nitrogen which they contain. When we con- 
sider that nearly all weeds contain a larger per cent of 
nitrogen and protein than farm crops and that often the 
weed yield will equal or exceed the crop yield, it is readily 
understood why the total loss of nitrogen from the soil 
through a weed crop is large. 

Quack grass and thistles contain the least protein of 
any of the weeds; but in some localities they are so nu- 
merous that the nitrogen they remove from the soil is 
considerable. Because of the large amount of water and 
small amount of dry matter which weeds contain, the total 
weight of nutrients present in fresh weeds is necessarily 
very small, and other than for supplementary use in the 
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feeding of sheep and swine, they can scarcely be regarded 
as forage. 

The table shows wide ranges in the composition of 
weeds, some containing over two and a half times as much 
protein as others. Nearjy all contain large amounts 
of ash or mineral matter, suggesting that they are 
gross and not delicate feeding plants. The alkaloidal or 
poisonous compounds in some, and also the astringent and 
bitter principles render their presence in forage undesirable. 

Wild barley or squirrel-tail grass is found ex- 
tensively in many pastures and meadows. When mature 
the presence of the sharp auns makes it objectionable for 
feeding purposes ; but early in the season before the auns 
are developed, it is a good forage of high nutritive value. 
Even at maturity it has a high protein content, and would 
be valuable if it were not for the "spikes" or auns. When 
cut or pastured before the auns are developed, wild barley 
compares favorably in composition with other forage crops 
as timothy, millet, and blue grass. While this grass, if 
properly handled, has some merit as a forage crop, it must 
be looked upon as a menace, and a source of infection of 
wheat rust. Freeman, in Minnesota Plant Diseases, page 
287, states: — 

"It is an important fact that some of the injurious rusts 
are found upon wild grass plants and infection of cereals 
from such sources must not be overlooked. The stem rust 
in particular is dangerous on this account. It has been 
shown that the stem rust of wheat is able to infect a half 
dozen or more common wild grasses, including squirrel tail 
grass (Hordeum jubatum), and also that the rust from 
these can infect wheat plants. This is a very discouraging 
feature, for it seems almost impossible to eliminate all of 
these weeds. Unless this is done, however, the spread of 
stem rust cannot be prevented. The stem rust, moreover, 
is the most virulent rust for the spore specialty is the win- 
ter spore, and this is found chiefly on the stems, hence the 
common name of stem rust. In this position the mycelium 
rapidly drains away the nourishment which should go to 
the heads and allows an uncontrollable evaporation of 
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water through the broken skins; as a result the berries do 
not fill but remain shriveled. Such wheat, therefore, even 
if not entirely ruined, suffers a loss of grade/* 

Com Fodder. There is no forage crop that is more 
easily grown or one that affords a larger amount of 
nutrients per acre than corn fodder. While it does not 
contain as much protein, pound for pound, as clover and 
alfalfa, when properly grown on fertile soil it contains 
more protein and other nutrients than average timothy 
or prairie hay. It is a forage that is suitable for general 
feeding purposes and can be advantageously combined 
with any farm grain or mill product. There are a number of 
problems in connection with its production, as rate and 
method of seeding, time of cutting and method of curing, 
which are under investigation at the Minnesota Experi- 
ment Station. 

In dry matter content, corn fodder ranges between 
wide limits; when very green it may contain 90 per cent 
of water, when mature and field cured it often contains 
only 15 per cent. The composition also varies materially 
with the stage of growth. In early cut fodder corn there 
is a small yield of nutrients per acre, but the dry matter 
on a percentage basis is richer in protein than at later 
stages of growth. Starch and sugar are added in com- 
paratively large amounts during the later stages of growth, 
and the food value of these compounds is not to be disre- 
garded. Also if cut too early, unnecessary losses occur 
through fermentation in curing. On the other hand if the 
fodder is allowed to become over ripe the nutrients are not 
so evenly distributed and there are greater losses in the 
feeding and handling of the crop through the coarse butts 
being wasted. 

When produced under the most favorable conditions 
on well tilled and fertilized land, the dry matter of corn 
fodder contains from eight to nine per cent of crude pro- 
tein. In the table it will be noted that there is a difference 
of three to four per cent in protein content in favor of corn 
fodder grown on well tilled and manured land over that 
grown upon similar but unmanured land. The amount of 
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available nitrogen and mineral plant food elements in the 
soil exerts a marked influence upon the protein content 
and general feeding value of the crop, emphasizing the im- 
portance of maintaining the fertility in order to secure 
fodder corn of the highest nutritive value. The larger 
amounts of nitrogen and other available plant food ele- 
ments in the richer manured land produce not only a larger 
yield, but also a crop of higher protein content. 

During the past fifteen years a large number of sam- 
ples of corn fodder, in various stages of growth, and seeded 
in different ways have been analyzed in this laboratory. 
The division of dairy-husbandry has made numerous tests 
of the milk producing value of corn fodder grown in differ- 
ent ways. 

A number of samples of corn fodder grown at the 
Grand Rapids sub-station ,in the northern part of the 
state, have been analyzed, and found to have a high feed- 
ing value. While it is occasionally precarious to grow 
corn as a grain crop in the northern part of the state, it is 
safe to grow it as a forage crop, because it has its maxi- 
mum feeding value just prior to the time of full maturity. 

Corn and clover are crops which are naturally supple- 
mentary, both as to production and utilization. They are 
very desirable as the main features of a rotation for main- 
taining the nitrogen content of the soil and for feeding pur- 
poses corn and clover form a combination that is difficult 
to surpass. 

In the following tables some analyses of corn fodder 
are given. These analyses, given in Table XCII., were 
made for the Division of Dairy Husbandry in connection 
with feeding experiments carried on by that division. 
The first table shows the amount of dry matter, and 
its content of crude protein, when the fodder is grown 
in different ways, and cut at different stages of growth. 
A large amount of dry matter rich in crude protein of 
which the larger amount is true proteid material is a desir- 
able characteristic of a forage. It will be seen that the in- 
fluence of farm manures upon the composition of the crop 
is pronounced. 
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TABLE XCI^— Com Fodder. 

Composition of Dry Matter. 

Nlfg'n 

Dry Crude Ether free Crude 

,, -^_a.„«,« matter ^r'tein extr'ct extr'ct fiber Ash 

CONDITION or Samplb. pgy ct. Per Ct. Per Ct Per Ut. Pr Ct. Per Ct. 

Sampled at time of filling \ jq gj ^ ^^ g.Sl 53.75 28.31 6.38 

r*;..^^"* ""^^ ^'^'^ ^"M 19.9110 44 1.44 55.07 vt5.04 7.01 

few ears ) 

Grown CD manured land, cut j 14.2111.19 1.55 45.59 34.99 6.68 

early f 15.8911.21 1.20 44.78 35.50 7.31 

Grown on manured land, lat- i 17.60 9.44 2.16 50.11 32.37 5.92 

Dercuttinir f 18.12 9.54 1.84 48.99 32.50 7.13 

Grown on unmanured land, j 13.88 7.38 1.39 5 .93 32.65 5.65 

cutearly f 12.96 7.02 1.51 51.52 32.54 6.41 

Grown on unmanured land 

and later cutting 17.8 6.63 2.50 54.44 31.60 4.83 

Sampled after partial field 

curing. Grown on clover 

riand 49.8510.57 2.92 47.43 -32.28 6.80 

^*t^o^Jfi fi''.hT°^^'nu,n'!?n I 63.42 8.75 2.05 49.32 32.15 7.73 
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TABLE XCII.— Dry Matter and Protein Content of Com Fodder at 

Different Stages of Growth. 
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Crude True 

Dr protein protein 

Date of matter Ash Nx6.*^5 Aib.Nxtf.25 

outtinsr Method OP Pi^NTiNO. Percent PerCt. Percent Percent. 

Au^. 12 Earlv single row fodder 

corn 16.85 6.68 8.50 4.00 

Early double row fod- 
der corn 16.79 6.55 8.00 6.18 

Early siDgrle row 18.10 6.09 5.«2 

Early double anil single 

rowrt 16.47 7.39 7.43 5.81 

Broadcast seeding 14.20 5.07 4.56 3.43 

Hill corn 15.50 8.08 8.18 6.81 

Late double row 9.72 7.65 9.43 7.87 

Corn fodder. Land 

heavily manured. 

Late s eding 5.52 14.61 16.87 10.68 

Sorghum 0.00 6.70 9.37 6.50 

Early and double row.. I5.'i9 7.46 o.5n 4.75 

Hillb 12.42 'i.04 8.31 7.43 

Sowed corn 16.12 4.66 4.43 3.M 

Aug. 21 Early double rnw 14.66 6.56 6.3« 4.68 

Early single row 10.39 7.46 6.18 

Corn fodder. Land 

heavily manured 

Late seeding 8.39 11.89 12.00 8.93 

Sortfhum 8.84 6.90 8.93 7.75 

Late double drill 12.09 7 32 8.75 6.50 

Early double row 18.59 7.61 5.56 5.37 

Early single row 18.59 6.78 5.H8 4.H2 

Early single row in silo 17.06 6.55 6.7n 5.37 

Hills 15.38 8.56 8.50 7.1:2 

Early double row 16.14 7.46 6.75 5.93 

Sowed corn 16.59 «.20 5.75 4.75 

Late double row in silo 14.01 8.06 8.68 7.56 

sorghum 10 65 5.80 7.-J5 6.18 

Double row late 18.44 6.53 7.56 5.81 

Corn fodder. Land 

heavily manured 

Laift seeding 9.68 19.25 13.18 8.06 

Sept. 11 Hilled corn 22.83 7.55 7.62 4.00 

Double row early ..... . 21.91 8.08 5.43 

Single row 21.94 7.03 5.25 4.37 

Broadcast 23.04 7.12 5.81 4.06 

Sept. 26 Sorghum 16.71 4.73 4.56 3.87 

(The results are given on the basis of Dry Matter.) 
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Silage. When corn fodder or any other green crop is 
placed in a mediumly tight compartment and allowed to 
undergo fermentation the product is called silage. The 
term is usually understood to mean corn fodder prepared 
in this way. During the fermentation process gases are 
given off and there is a loss of dry matter ranging from 5 
to 20 per cent, depending upon the construction of the silo, 
the way it is filled, and the state of the corn fodder when it 
is cut. The losses caused by fermentation appear to be 
nearly evenly distributed between the carbohydrates and 
the proteids. Silage has about the same general composi- 
tion as green corn fodder. As far as percentage 
of nutrients is concerned there is but little difference be- 
tween corn fodder and corn silage. For general stock 
feeding the silo is looked upon with favor because it 
enables the farmer during unfavorable weather to secure 
the corn crop in the best condition. There is also less 
mechanical loss in the feeding of silage than in the feeding 
of corn fodder. These factors together with its succulence 
are what give silage its value for feeding purposes, and 
where the stables are well ventilated and cared for there is 
no danger of milk becoming tainted from its use. Silage 
imparts its odor to milk only in poorly ventilated stables. 

In order to secure high grade silage, the corn should 
be cut before it is too ripe and the silo should be evenly 
compacted so as to secure uniform conditions for fermenta- 
tion. It should be the aim to induce a mediumly high 
rather than a low or acid fermentation which results in sour 
silage. If the corn is too green when the silo is filled the 
mechanical loss from leaching of the liquids is very large 
resulting in the production of a poorer quality of silage. 
When a large amount of liquid drains from the silo the loss 
of nutrients is sufficient to materially affect the feeding 
value of the product. The teachings from a large silo were 
found to have the following composition : 

Per Cent 

Dry matter 6.29 

Ash 84 

Protein 1 . 10 

Acid calculated as lactic acid 1 .78 

Carbohydrates 2. 57 
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Silage is quite variable in composition depending 
largely upon the character of the corn at the time it is put 
into the silo. Average silage contains about 75 per cent 
water and 25 per cent dry matter. The dry matter usually 
contains from 6 to 10 per cent of crude protein, and about 
the same per cent of other nutrients as fresh corn fodder. 
The analyses of fourteen samples of silage are given in the 
following table. 

TABLE XCIII.— Composition of Silage. 

(Composition of Dry Matter.) 

Dry Crude Ether Crude Nitrogen 

maLter proteia extr tjt fiber free ex Ash 

Per Cent Percent rerCt. Percent Percent PerCt. 

Sample No. 1 ... . 28.49 8.13 A '21 28.^0 5290 7.25 

Sample No. 2.... 32.44 10.94 2 8J 28.77 50.7^ H.68 

Sample N.'. 3.... 29.5.5 8.«o 2.1H 2i<.55 53.15 6.49 

Sample No. 4. . . 24.62 9.68 2 69 29 62 51.65 6 36 

Sample No. 5 ... 23.02 10.75 2.79 33.12 47.73 5-61 

Sample No. 6.... 22.16 7.^4 2 87 30.60 53.00 5.89 

Samp e No. 7 . . 2«'.55 7.03 1.88 27.89 55.94 7.26 

Sample No. 8.... 22.19 5.15 184 3l.:i2 55.36 6 43 

Sample No. 9... 21.00 7.55 3 13 26.56 56 13 6 63 

Sample No 10... 19 02 9.95 1.68 30.87 50 68 6 82 

Sample No. 1 1.... 22.86 8.19 2.50 29 67 55.45 4.19 

SamplH No.12.... 22.44 8.89 2.70 30.2s .^0 73 7.40 

Sample No.l3... 21.40 9.64 2.42 32 75 4655 8-64 

Sample No 14 .. . 24.78 9.88 1.11 35 95 46 31 «.75 

Corn Smut. Corn is frequently affected with smut. 
It is not generally considered injurious to stock unless 
associated with other fungus or bacterial bodies. Experi- 
ments have been conducted in which large amounts of corn 
smut were fed to steers without apparent ill effect. Feed- 
ers, however, do not generally consider it a valuable ad- 
junct to a ration. A sample of corn smut was submitted to 
chemical analysis and a comparatively high percentage of 
protein secured, for like all fungus bodies it is rich in pro- 
teid and nitrogenous matter, much richer than the corn 
itself. 

Composition of Com Smut 

Water 6.87 

Ash 8.90 

Crude Procein 14. 13 

Fat 3.20 

Carbohydrates 66.90 
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Com Stover. When the grain is removed from corn 
the stalks and leaves are called corn stover. Corn fodder 
is the entire plant with or without ears according to the 
way in which it has been grown. The removal of the grain 
from the corn reduces the percentage of protein and fat 
and increases the fiber content. Corn stover varies widely 
in composition and feeding value depending upon the den- 
sity of the stalk and the proportion of leaves present. Corn 
stover that is mediumly green in color, not too coarse, and 
contains a large proportion of leaves may make a valu- 
able forage when judiciously combined with other feeds; 
that which is coarse, bleached, leached and from which the 
leaves have been removed by the wind has a very low feed- 
ing value. 

TABLE XCIV.— Composition of Com Stover. 

Good Quality poor Quality 

Percent Per ent 

Dry Matter 75.24 90.80 

COMPOSITION OF DRY MATTBB 

Crude Protein 7.10 5.02 

Fat 1.90 1.70 

Crude Fiber 33.22 38.48 

Nitrogren free extract 50.72 46.60 

Ash 7.16 8.20 

Bromus Inermis. This crop is readily grown in many 
parts of the state. Its feeding value as forage depends 
largely upon the stage of growth at which it is cut. The 
fiber and non nitrogenous compounds are added rapidly in 
the later stages of growth, requiring mediumly early cutt- 
ing in order to secure the highest feeding value. It has 
about the same general composition and feeding value as 
timothy hay. A typical sample of Bromus Inermis (field 
cured) was found upon analysis to have the following com- 
position : 

Per Cent. 

Water 10.64 

Crude Protein 6.62 

Ether Extract 2.14 

Crude Fiber 30.87 

Ash 5.84 

Nitrogen Free Extract 43.89 
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Pasture Grass. The amount of water in fresh pasture 
grass ranges from 85 to 90 per cent. The dry matter is 
characterized by a high percentage of protein. In the 
early stages of growth the proteids are formed more rap- 
idly than the carbohydrates, and while a comparatively 
small amount of dry matter is present it is more concen- 
trated in proteids than at later stages, and this is why heavy 
grain feeding is unnecessary where there is an abundance 
of good pasture. Pasture grass, however, contains so much 
water that liberal amounts must be consumed in order to 
secure the requisite amount of nutrients for a ration, and 
while it has a high feeding value it is frequently a light 
yielding crop and needs to be supplemented. Many old 
pastures fail to return good yields and a much larger 
amount of nutrients could be secured by growing soiling 
crops on a part of the pasture land. Providing forage for 
summer use is equally as important as for winter use. 

The composition of a sample of mixed grass contain- 
ing some clover was found to be as follows : 

Per cent. 

Water 85.40 

(Composition of dry matter) 

Crude Protein 18.21 

Fat 2.12 

Crude Fiber 22.41 

Ash 8.16 

Nitrogen Free Extract 49. 10 

Mixed Hay Crops and Clover. In the production of 
forage it is the practice in many parts of this state, to use 
a grass seed mixture consisting of clover, timothy, red top 
and other grasses. This has been found to be more satis- 
factory and profitable than seeding with just one grass 
alone. A larger yield is generally secured, particularly on 
land that is intended as meadow only for a short time and 
which forms an essential part of a crop rotation. The 
mixed herbage from such a pasture or meadow has a high 
feeding value, particularly if 25 per cent, of the grass seed 
mixture is clover. A mixed hay crop containing clover 
and grown on a soil that has been manured and well tilled 
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will contain from 10 to 12 per cent, of crude protein, and 
this is forage of the high protein class. There is an addi- 
tional advantage from the use of such forage, in that it 
forms a good mechanical mixture and affords a variety in 
the ration. Also meadows composed of clover and mixed 
grasses return larger yields of vegetable matter to the soil 
for the formation of humus. A large number of samples 
of mixed grasses have been analyzed in the Minnesota Ex- 
periment Station Laboratory during the last few years. 
A sample composed of timothy, red top and about 30 per 
cent of clover, grown upon manured soil was found upon 
analysis to have the following composition: 

Per cent. 

Water 48.12 

(Composition of dry matter) 

Crude Protein 11 .81 

Ether Extract 2.01 

Crude Fiber 27 . 16 

Ash 6.16 

Nitrogen free extract 52.86 
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In the investigation of forage crops of high, medium 

and low protein content it was found that crops like corn 

w- *,: fodder, timothy hay, rape, pasture grass and hay crops 

from mixed grasses were materially influenced in composi- 
tion by the use of farm manures. The maximum protein 
content was secured from soils where the fertility had been 
maintained by the use of manures and crop rotations. Less 
fiber and from 25 to 30 per cent more protein were secured 
Percent from forage grown upon soils where the supply of plant 

4g.l2 food had been kept up, than from that grown on similar 

and adjoining soils where the fertility had been allowed to 
IJ31 decline. This emphasizes the importance of maintaining 

201 the fertility of the soil as a factor in producing forage not 

2715 only of the largest yield per acre but also of the highest 

^ 15 feeding value. 

^g5 The leguminous crops as clover, alfalfa and peas do 

not appear to be as susceptible to the influence of fertilizers 
in increasing the protein content as crops like timothy, 
corn fodder and rape. The use of larger amounts of legum- 
inous crops and other forage rich in protein requires less 
supplementary feeding with grain and mill products. 

An examination of a number of samples of clover, 
alfalfa, pea, bean, rape and millet seeds of known purity 
and uniform ripeness showed in the case of each sample, 
two distinct types of seed : one of high and the other of low 
protein content. The two types were capable of being 
selected on the basis of physical properties. The high pro- 
tein seeds were darker in color and more corneous in char- 
acter than the low protein seeds. It is believed that a 
selection of seeds on the basis of physical properties into 
high and low protein types may result in producing forage 
crops of the maximum protein content in the same way as 
has been accomplished with wheat and corn. 

Analyses of eighteen samples of the more common 
weeds showed that many of them assimilate from the soil 



266 FORAGE CROPS. 

large amounts of nitrogen. When weeds are harvested 
with grain crops the amount of nitrogen removed by the 
weeds is larger than that contained in the grain. The pro- 
tein content of some of the weeds is greater than that of 
some forage crops, but the bitter principles and other ob- 
jectionable compounds present render the weeds unsuitable 
for general forage purposes. Sheep, however, are capable 
of utilizing the nutrients in many weeds. 

The dry matter of nearly mature rape contains about 
the same amount of protein as clover. Much care should 
be exercised in the feeding of rape to prevent hoven or 
bloat. 

Rye fodder, prairie hay and millet have about the same 
general composition and feeding value as timothy hay pro- 
duced under similar conditions and cut at the same stage of 
growth. 

Pasture grass and hay crops from mixed grass seeds 
and some clover contain more nutrients, particularly when 
grown on well cultivated and manured land than timothy, 
red top or blue grass alone. 

It is believed that a selection of the high protein type 
seeds of clover, alfalfa, peas and beans combined with suit- 
able cultural methods would result in an increase of pro- 
teids in the crops. A close relationship was observed be- 
tween the physical properties and the chemical composition 
of seeds, rendering it possible to select seeds of high and 
low protein content on the basis of physical properties. 
Manures judiciously employed are capable of increasing 
the nutritive value as well as the yield of forage crops as 
timothy hay, corn fodder and millet. 
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